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Los patrones de comportamiento sexual que se observan en los 
animales son el resultado de presiones selectivas que actuan 
diferencialmente sobre machos y hembras. En unos casos, estas 
presiones pueden tener la misma direcciôn (lo que es bueno para un 
sexo también lo es para el otro) pero, en general, tienen direcciones 
opuestas (Carranza 1994). Asi, las estrategias reproductoras que acaban 
por darse finalmente en una especie dependen del balance individual 
entre costes y beneficios de llevar a cabo una u otra estrategia y de los 
diferentes intereses de machos y hembras (Orians 1971; Alatalo et al. 
1981; Oring 1982; Davies 1989; Clutton-Brock 1991; Moreno et al. 
2002). Por lo tanto, entre poblaciones, o incluso dentro de la misma 
poblaciôn, pueden coexistir multiples estrategias de apareamiento 
(Owens & Bennet 1997) o, lo que es lo mismo, existe una variabilidad 
intraespecifica en la estrategia de reproducciôn ôptima en funciôn de 
las caracteristicas de los individuos o de las condiciones ambientales 
présentés en ese momento. Puede haber individuos que no presenten las 
caracteristicas necesarias para desarrollar la estrategia de apareamiento 
ôptima, por ejemplo, individuos que no sean capaces o no tengan aùn 
la edad necesaria para defender un territorio. Sea cual sea el caso, esos 
individuos se verân obligados a adoptar estrategias de reproducciôn que 
tendrân menos beneficios que las estrategias principales, pero que al 
menos les permitirân reproducirse. Esto es lo que se entiende en 
Ecologia del comportamiento como “El mejor de un mal oficio” (“The 
Best of a Bad Job”) y es, por ejemplo, el caso de los machos satélite o 
flotantes de numerosas especies de diferentes taxa que defienden 
harenes o territorios, como la rana toro americana {Rana catesbiana; 
Howard 1978), el sapo corredor {Bufo calamita; Arak 1988) o el 
elefante marino (Mirounga angustirostris; Le Boeuf 1974). En otras 
situaciones puede tratarse de individuos que, por azar o limitaciôn de 
parejas estân apareados con individuos de baja calidad y llevan a cabo 
côpulas extra-pareja (EPCs) con el fin de intentar aumentar su éxito 
reproductor. Incluso un mismo animal puede elegir distintas estrategias 
dependiendo de condiciones concretas, como se ha demostrado por 
ejemplo en el acentor comùn {Prunella modularis). En esta especie el 
sistema puede cambiar de poliginia a poliandria en funciôn de la 
capacidad del macho para monopolizar a las hembras, que a su vez 
dependerâ de la abundancia de comida en el territorio. Asi, cuando la
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comida es abundante las hembras no necesitan desplazarse demasiado 
para encontrar alimento y es posible que un solo macho pueda controlar 
varias hembras y acapararlas dando lugar a sistemas de apareamiento 
poliginicos y poliginândricos. Mientras que, cuando la comida es 
escasa, las hembras necesitan desplazarse mucho mas para encontrar 
alimento, haciendo difïcil para los machos su monopolizaciôn y dando 
lugar a sistemas poliândricos (Davies y Lundberg 1984).
Debemos también tener en cuenta que el éxito de una estrategia 
depende de las utilizadas por los demâs individuos. Es decir, la 
estrategia de algunos individuos de comportarse como machos satélite 
no tendria sentido si no existiesen machos territoriales. Incluso si el 
numéro de machos territoriales fuese muy alto con respecto al de 
satélites, podria ocurrir que, en promedio, ambas estrategias resultaran 
igualmente exitosas. Cuando se establece un equilibrio en el numéro de 
individuos que adoptan cada estrategia, de modo que los beneficios 
asociados a cada una de ellas se igualan, se sucle hablar de estrategias 
altemativas en equilibrio evolutivo o simplemente de estrategias 
altemativas. Estas estrategias pueden tener base genética, como ocurre 
en el salmon coho {Oncorhynchus kisutch. Gross 1985) y en el pez sol 
(Lepomis macrochirus. Gross y Chamov 1980), o no, como en la 
avispa cavadora (Sphex ichneumoneus, Brockmann et al. 1979).
La informaciôn hasta ahora disponible sugiere que entre los machos las 
EPCs son parte de una estrategia reproductora mixta (Trivers 1972; 
Beecher y Beecher 1979; Fitch y Shugart 1984), mas que un 
comportamiento reproductor especializado adoptado exclusivamente 
por un subgrupo de la poblaciôn. Es mas, en muchas especies, los 
machos implicados en las EPCs son normalmente residentes en 
territorios vecinos y estân ya apareados. Por ejemplo, un estudio en el 
ibis blanco americano (Eudocimus albus) mostrô que los machos que 
buscaron EPCs eran machos que defendian nidos vecinos, no machos 
de zonas alejadas de la colonia o que no tuvieran un nido (Frederic 
1987). La vecindad como correlato de las EPCs se ha observado 
también en garcilla bueyera (Bulbucus ibis) (Fujioka y Yamagishi 
1981), arao comùn {Uria aalge) (Birkhead et al. 1985), fulmar boreal 
{Fulmarus glacialis) (Hatch 1987), papamoscas cerrojillo {Ficedula
20
Introducciôn general
hypoleuca) (Alatalo et al. 1984), abejaruco (Melops bullockoides) 
(Emlen y Wrege 1986), escribano azul (Passerina cyanea) (Westneat 
1987a, b); oropéndola de Baltimore {Icterus galbula) (Edinger 1988), 
diamante mandarin {Taeniopygia guttata) (Birkhead et al. 1988) y 
perdiz nival {Lagopus mutus) (Brodsky 1988). Esta menos claro si las 
EPCs son parte de una estrategia mixta entre las hembras. Por un lado, 
las hembras apareadas a veces buscan y solicitan EPCs como en el 
fulmar boreal (Hatch 1987) y carbonero sibilino {Parus atricapillus) 
(Smith 1988). Por otro lado, muchos estudios han documentado que las 
EPCs son vigorosamente resistidas por las hembras (McKinney et al. 
1984). Sin embargo, incluso en esos casos, la implicaciôn de las 
hembras en las EPCs podria ser parte de una estrategia de apareamiento 
mixta que aùn no es bien conocida.
Lo que si esta claro es que las EPCs estân mucho mâs ampliamente 
extendidas en las aves de lo que se pensaba en un principio. De hecho, 
al contrario de lo que proponia Lack en 1968, la verdadera monogamia 
ocurre en menos del 25% de las especies socialmente monôgamas y la 
patemidad extra-pareja (EPP), entendida en esta tesis como la presencia 
de polios que son hijos genéticos de la hembra social pero no del 
macho social de un nido, se da de manera regular en el 75% de las 
especies restantes (Griffith et al. 2002). Ademâs de las EPCs, existen 
otros tipos de relaciones extra-pareja como el pseudoparasitismo, en el 
que una hembra se aparea con un macho ya emparejado de la misma 
especie y pone sus huevos en el nido de éste, o el parasitismo 
intraespecifico, en el que una hembra pone sus huevos de forma 
parâsita en otros nidos. Ambas estrategias pueden llevar a la apariciôn 
en los nidos de polios no relacionados genéticamente, bien con solo 
uno de los dos padres sociales o con ambos. De forma general, 
podemos considerar todas estas estrategias como conductas 
potencialmente promiscuas, ya que aunque no necesariamente implican 
el apareamiento con mâs de un individuo del sexo opuesto, si implican 
emparejamientos tuera de las parejas establecidas socialmente.
La cuestiôn acerca de las razones del éxito de las estrategias 
promiscuas, y en especial de las EPCs, ha sido tema de estudio a lo 
largo de las ùltimas décadas. Asi, por ejemplo, la variaciôn en las tasas
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de EPP ha sido relacionada con factores demogrâficos como la 
sincronia de cria, que puede relacionarse positivamente con las tasas de 
EPP (Stutchbury y Morton 1995), o la necesidad de cuidado parental 
por parte del macho, que esta a menudo correlacionada con reducidas 
tasas de EPP (Ver Capitulo 4 de esta tesis). Sin embargo, la verdadera 
funciôn adaptativa de las estrategias promiscuas para las aves es un 
tema aùn pendiente a pesar de los numerosos trabajos que han abordado 
este tema (revisado en Griffith et al. 2002). El beneficio de estas 
estrategias parece claro desde el punto de vista de los machos que 
consiguen aumentar su éxito reproductor, fertilizando una hembra a un 
pequeho coste, a expensas de otro macho que sera el que proporcionarâ 
el cuidado parental. Para las hembras, sin embargo, los beneficios no 
son tan claros y se han desarrollado varias hipôtesis para explicar por 
qué puede ser ventajoso para ellas adoptar este tipo de estrategias 
promiscuas. Los argumentos apuntan a que las hembras podrian 
obtener beneficios ecolôgicos directos (Gray 1997; Blomqvist et al. 
2005) o, mâs probablemente, beneficios genéticos indirectos en su 
descendencia derivados de los emparejamientos extra-pareja (Birkhead 
y Moller 1992; Petrie y Kempenaers 1998; Petrie et al. 1998; Jennions 
y Petrie 2000; Griffith et al. 2002). Dentro de este tipo de hipôtesis se 
englobarian la hipôtesis de la diversidad genética (Williams 1975; 
Westneat et al. 1990), la hipôtesis de garantia de la fertilidad (Wetton y 
Parkin, 1991; Sheldon 1994), la hipôtesis de los “buenos genes” 
(Moller 1988; Hamilton 1990; Westneat et al. 1990; Birkhead y Moller, 
1992) y la hipôtesis de compatibilidad genética (Kempenaers et al. 
1999; Tregenza y Wedell 2000) (Ver Capitulo 5 de la présente tesis). 
Todas las hipôtesis basadas en la obtenciôn de beneficios genéticos 
indirectos por parte de la hembra como resultado de emparejamientos 
promiscuos contemplan en sus predicciones la presencia o ausencia de 
diferencias en la calidad de los individuos y por tanto la presencia o 
ausencia de diferencias fenotfpicas o genéticas entre los machos 
sociales y los machos extra-pareja. La evaluaciôn de la calidad de los 
individuos mediante caractères fenotipicos o genéticos es, por tanto, un 
aspecto clave a analizar a la hora de arrojar luz sobre la posible funciôn 
adaptativa de la EPP en una especie (Ver Capitules 3 y 5 de la présente 
tesis). Por ejemplo, si considérâmes que las hembras buscan como 
machos extra-pareja aquellos de mejor calidad que su pareja social no
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séria raro esperar que los machos desarrollasen caractères indicadores 
de su calidad genética, como pueden ser los omamentos, en respuesta a 
la selecciôn sexual por parte de las hembras (Moller y Birkhead 1994). 
En este sentido, la teoria también predice que aquellos machos mâs 
omamentados tienen un mayor éxito reproductor. Asi, el lazo de uniôn 
entre senalizaciôn-selecciôn sexual y éxito reproductor vendria dado 
por una estrecha relaciôn entre efîciencia en la fertilizaciôn y expresiôn 
fenotipica de los omamentos (Sheldon 1994).
Finalmente, aunque se ha trabajado intensamente en ello, no estâ del 
todo claro si las conductas promiscuas tienen ventajas selectivas y por 
tanto podrian perpetuarse como estrategias evolutivas que aumentan la 
eficacia biolôgica de los individuos que las practican. Es por tanto de 
gran interés conocer los patrones de fertilizaciôn extra-pareja en las 
poblaciones naturales, especialmente qué individuos son los que 
desarrollan estas estrategias y qué factores las pueden afectar. Ademâs, 
el estudio de otras estrategias de reproducciôn, potencialmente 
relacionadas con la promiscuidad, como el pseudoparasitismo y el 
parasitismo intraespecifico puede ayudar a comprender procesos 
evolutivos tan complejos como la senalizaciôn, la selecciôn sexual y la 
evoluciôn de los sistemas de apareamiento.
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1. Especie y area de estudio
El estomino negro (Sturnus unicolor) es un paseriforme de la familia 
Sturnidae, de tamano medio (longitud: 21-23cm, envergadura: 38- 
42cm), colonial y sedentario. En la actualidad y tras expandir su ârea de 
distribuciôn a lo largo de las ultimas décadas (Ferrer et al. 1991), ocupa 
la mayor parte de la Peninsula Ibérica aunque es accidentai en el 
archipiélago de las islas Canarias y en el archipiélago de las islas 
Baléares, salvo en la isla de Menorca donde puede considerarse escaso 
(Martin y Lorenzo 2001). Ocupa también una estrecha franja en el 
norte de Africa y las islas de Côrcega, Cerdena y Sicilia. 
Altitudinalmente, se distribuye entre 0 y 1500 m.s.n.m. Por encima de 
esta cota es raro, en parte por la falta de habitat de nidifïcaciôn 
adecuado (Veiga y Polo 2003).
Foto 1. Estomino negro. Hembra adulta.
Se trata de una especie con cierto dimorfismo sexual. Los machos 
adultos son aproximadamente un 6% mas pesados y tienen las alas un 
3% mas largas que las hembras (Cordero et al. 2001). No obstante, el 
empleo exclusive de caractères morfolôgicos biométricos no es 
aconsejable para identifïcar sexos en esta especie ya que casi se 
identifica errôneamente un individuo de cada cuatro, mientras que el
31
Metodologia general
empleo de caractères morfolôgicos cualitativos es mas fiable, con 
mârgenes de error no mayores al 5 % (Péris 1989). En general, los 
adultos de ambos sexos pueden diferenciarse por la tonalidad y 
lustrosidad de su plumaje, que es mas negro e iridiscente en los 
machos, y por la tonalidad de su iris, que en los machos es pardo 
oscuro mientras que en las hembras puede presentar un anillo exterior 
de color mas claro (Veiga y Polo 2003), aunque este carâcter no es del 
todo concluyente, ya que existen hembras con iris de un color 
uniforme. En época de reproducciôn el color de la base del pico 
constituye un buen carâcter diferenciador entre ambos sexos ya que en 
los machos es gris-azulada y en las hembras rosada, mientras que en 
inviemo ambos sexos la tienen negra u oscura (Veiga y Polo 2003).
Fotos 2 y 3. Dimorfismo sexual en adultos de estomino negro {Sturnus unicolor). Se 
observan claramente las diferencias en el color de la base del pico y del iris. Fuente: 




Tanto machos como hembras presentan plumas en la garganta y pecho 
cuya longitud tiende a incrementarse con la edad (Veiga y Polo, datos 
no publicados). En los machos estas plumas, cuya longitud ha sido 
relacionada con su nivel de heterocigosidad, son un 41% mas largas 
que en las hembras (Aparicio et al. 2001) y se estrechan abruptamente 
desde la mitad hasta la punta, mientras que en las hembras este 
estrechamiento es mucho mas graduai (Hiraldo y Herrera 1974; Lezana 
et al. 2000).
En los juveniles la identifîcaciôn del sexo sobre la base de caractères 
morfolôgicos es algo mas complicada. Ambos sexos presentan el 
plumaje y las patas de color pardo oscuro y el pico oscuro. Después de 
la primera muda tienen los apices de las plumas del cuerpo y la cabeza 
de color blanquecino pudiéndose confundir entonces con el estomino 
pinto (Sturnus vulgaris) con plumaje parcialmente desgastado. No es de 
extranar, por tanto, que para la identifîcaciôn del sexo de los polios lo 
mas apropiado sea recurrir al sexado mediante técnicas molecular es. En 
concreto los marcadores de ADN permiten sexar polios de muy corta 
edad y proporcionan un método sencillo, râpido y fiable de 
determinaciôn sexual a partir de las diferencias especificas en algunas 
secuencias del genoma que presentan los dos sexos. La técnica se basa 
en la amplificaciôn mediante la técnica de PCR (Reacciôn en Cadena 
de la Polimerasa) y el empleo cebadores especificos de una secuencia 
interna (intrôn) del gen de la proteina cromo-helicasa de uniôn a ADN 
(proteina CHD) que se encuentra conservada en la mayoria de las aves 
en los cromosomas sexuales Z y W (Griffiths et al. 1998; Kahn et al. 
1998; Fridolfsson y Ellegren 1999). Este segmento de ADN es en 
general mas largo en el cromosoma W que en el cromosoma Z debido a 
la presencia de bases de ADN adicional (aunque ver Griffiths et al. 
1998; Kahn et al. 1998) y se puede distinguir mediante una sencilla 
electroforesis en gel de agarosa. Dado que las hembras son 
heterogaméticas (presentan dos cromosomas sexuales distintos (ZW)) y 
que los machos son homogaméticos (ambos cromosomas sexuales son 
del mismo tipo (ZZ)), las bandas dobles corresponderân a individuos 
hembra y las bandas ùnicas a individuos macho.
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Foto 4: Gel de electroforesis para el sexado de 4 individuos: 3 hembras y 1 macho. 
(Fuente: Universidad Complutense de Madrid)
Aunque se han disenado muchos cebadores para llevar a cabo el sexado 
de las aves (Cerit y Avanus 2007), la pareja de cebadores mas 
comunmente empleada en paseri formes es P2 y P8 (Griffiths et al.
1998) que ha demostrado su utilidad en numerosas especies de aves (ej. 
Birkhead et al. 2001; Jensen et al. 2003). El sexado de aves mediante 
esta técnica es râpido y fiable y permite sexar polios de muy corta edad 
(Griffiths et al. 1992).
La estrategia de reproducciôn mâs comùn en esta especie es la poliginia 
facultativa, en la que entre el 50% y el 85% de los machos adquiere dos 
o mâs hembras. La poliginia en los estominos estâ limitada 
principalmente por el acceso a los nidos (Sandell y Smith 1996), 
especialmente cuando no hay un exceso en la disponibilidad de cajas y 
sôlo unos pocos machos son capaces de controlar las que hay 
(Wittenberger 1976; Pintxen et al. 1989). No obstante, diferentes 
autores han mostrado la existencia de polios extra-pareja, parâsitos y 
pseudoparâsitos en los nidos de esta especie (ver Calvo et al. 2000; 
Cordero et al. 2003), por lo que otras estrategias de reproducciôn estân 
présentés en el estomino negro.
La edad mâs ffecuente de primera reproducciôn es un aho en las 
hembras y 2-3 en los machos y en ambos sexos la edad reproductora 
puede exceder los 7 anos (Veiga y Polo 2003). Tanto los machos como 
las hembras defienden sus nidos frente a los competidores y la 
competiciôn intra-sexual por los lugares de cria es dura en ambos 
sexos. La cria es mayoritariamente sincrônica. Las puestas en el ârea de 
estudio tienen lugar desde mediados de abril a mediados de junio y la 
mayoria de las hembras hacen dos puestas en cada estaciôn de cria que 
constan comunmente de 4-5 huevos de color azul incubados sobre todo
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por la hembra (Veiga y Polo 2003). La incubaciôn dura entre 10 y 15 
dlas desde la puesta del ultimo huevo a la éclosion del primer polio, 
con un valor modal de 11 dias (Veiga y Polo 2003).
Foto 5: Huevos de estomino negro marcados en caja nido.
Los polios eclosionados son alimentados por ambos padres, abandonan 
el nido entre los 18 y los 25 dias de edad y continùan siendo 
alimentados por los adultos de 2 a 7 dias mâs (Cramp y Perrins 1994). 
El éxito reproductor es muy variable entre localidades, entre anos y 
entre primeras y segundas puestas. La mortalidad de los polios varia del 
21 al 58 % (Veiga et al. 2002) siendo la principal causa de mortalidad 
parcial de la pollada la falta de alimento para los polios. La depredaciôn 
por parte de urracas (Pica pied) y ratas (Rattus sp) es la principal causa 
de pérdida de polladas complétas (Péris 1984, en Cramp y Perrins, 
1994; Veiga et al. 2002). Asi, se ha documentado la depredaciôn de 
entre un 15 y un 48% de polladas enteras por parte de urracas cuando 
los polios de estomino tienen el tamano sufîciente como para alcanzar 
la entrada del nido (Moreno et al. 1999, 2002). La media de polios 
volados por hembra y aho va de 5 en el centro de Espaha a 6.1 en el 
nordeste (ver Péris 1984, en Cramp y Perrins 1994; Motis 1985, en 
Cramp y Perrins 1994; Pascual et al. 1992, en Cramp y Perrins 1994;
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Veiga et al. 2002). El éxito de reclutamiento de los polios en el aho 
siguiente a su nacimiento en la misma zona de cria es muy escaso 
(Lôpez-Rul et al. 2011; observaciones personales de J.P. Veiga y V. 
Polo).
y .
Foto 6: Polios de estomino negro en caja nido
Las razones para elegir esta especie como modelo de estudio se bas an 
principalmente en su abundancia, su facilidad para criar en cajas nido, y 
su estrategia de reproducciôn. Ademâs, el estomino negro ha 
demostrado repetidamente su validez como especie modelo para el 
estudio de cuestiones fundamentales relacionadas con la biologia 
reproductora de las aves. Asi, se han hecho manipulaciones hormonales 
a nivel de huevo para ver sus efectos en el desarrollo y supervivencia 
de los polios (Müller et al. 2007); a nivel del macho para ver su efecto 
en el cuidado parental y en el éxito reproductor (Moreno et al. 1999) o 
para evaluar los posibles costes de la poliginia (Cordero et al. 2003) y a 
nivel de hembras para ver cômo afecta a su rango social, al sex ratio de 
sus polios (Veiga et al. 2004) o a su eficacia biolôgica a lo largo de su 
vida (Veiga y Polo 2008). Estos trabajos han demostrado que la 
manipulaciôn hormonal es un método vâlido para el estudio de las 
estrategias reproductoras en aves. De hecho son mucho s los autores que 
han usado esta especie como modelo para cuestiones relacionadas con 
la biologia reproductora de las aves taies como las respuestas frente al
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parasitismo intraspecifico (Eens y Pinxten 1999), los efectos del status 
de la hembra sobre su éxito reproductor (Moreno et al. 2002), la 
funciôn de los omamentos como indicadores de calidad, ya sea 
considerando caractères como las plumas (Cuervo y Moller 1999; 
Aparicio et al. 2001), el uso de plantas y plumas en los nidos (Polo y 
Veiga 2006; Veiga y Polo 2008) o la coloraciôn de los huevos (Lôpez- 
Rul et al. 2008). Los polios de esta especie han sido utilizados como 
modelo para, entre otros, el estudio de la funciôn de peticiôn en 
ausencia de los padres (Bulmer et al. 2008) y la competiciôn entre 
hermanos (Gil et al. 2008). Ademâs se dispone de una amplia base de 
datos de reproducciôn y morfométricos sobre la especie ya que la 
colonia de estudio se lleva monitorizando de manera continuada desde 
1996. (Moreno et al. 1999; Cordero et al. 2001, 2003; Veiga et al. 
2002).
El hecho de tratarse de una especie con poliginia facultativa supone una 
ventaja porque permite estudiar el éxito reproductor del macho per sé. 
Dado que un mismo macho se aparea con varias hembras, parte de la 
varianza de su éxito reproductor puede quedar expli cada por las 
caracteristicas particulares de cada hembra con la que esté apareado 
(Veiga et al. 2001). Esta estrategia reproductora, no obstante, puede 
implicar un coste en términos de pérdida de patemidad por la 
promiscuidad de las hembras (Cordero et al. 2003). Como se ha 
comentado anteriormente, se ha documentado la presencia de polios 
extra-pareja en los nidos de estomino negro (10-20% de las nidadas con 
polios extra-pareja, Cordero et al. 2003), pero no se concluye su 
relaciôn con el grado de poliginia de los machos. Ademâs las colonias 
albergan una proporciôn nada despreciable de individuos flotantes 
aparentemente no reproductores (Veiga et al. datos no publicados). 
Conocer si estos individuos ganan patemidad a través de conductas 
promiscuas en el caso de los machos, o si las hembras llegan a ser 
parâsitos de nido intra-especificos como estrategia altemativa de 
reproducciôn son algunas de las cuestiones a abordar en esta tesis. La 
existencia de parâsitos intra-especificos entre los polios de estomino 
negro ha sido ffecuentemente asumida o intuida sobre la base de 
caractères morfolôgicos de los huevos (Calvo et al. 2000) o en 
incongruencias en la secuencia de puesta de los mismos (Veiga et al.
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datos no publicados), pero si estos huevos llegan o no a dar lugar a 
embriones viables es una cuestion que permanece aun sin resolver.
Foto 7: Area de estudio
Los datos de campo para la realizacion de esta tesis fueron recogidos en 
una colonia de estomino negro establecida a partir de la instalaciôn de 
40 cajas nidos en 1996, aunque dada la secuencia de ocupaciôn y la 
densidad de individuos flotantes observada a lo largo de los anos el 
numéro de cajas nido instaladas fue aumentado ligeramente. La colonia 
se situa en una fînca de 1.3 ha en la falda sur de la sierra del 
Guadarrama, en el término municipal de Villalba, Madrid (Espaha) a 
950 m.s.n.m. Se trata de un paisaje de bosque adehesado de ffesnos 
(Fraxinus angustifolius) con quercineas, mayoritariamente encina 




2. Marcadores moleculares para el estudio de los patrones de 
patemidad
El estudio de las relaciones genéticas entre los individuos ha estado 
tradicionalmente limitado a poblaciones en cautividad o en condiciones 
controladas en las que es posible tener datos de genealogias complétas 
y por tanto calcular coeficientes de consanguinidad (ejemplo Van 
Noordwijk y Scharloo 1981; Gibbs y Grant 1989; Thornhill 1993; 
Keller et al. 1994; Cassinello et al. 2001). No obstante, la necesidad de 
ampliar este tipo de estudios a las poblaciones naturales y de una mayor 
precision en el establecimiento de las relaciones genéticas ha impulsado 
durante las ultimas décadas el desarrollo de diferentes marcadores 
genéticos moleculares. Asi, tras los primeros estudios de parentesco en 
poblaciones naturales basados en polimorfismos cromosomicos 
(Anderson 1974; Milkman y Zeitler 1974; Levine et al. 1980), 
electroforesis de alozimas (Hanken y Sherman 1981; Ellstrand 1984; 
Meagher 1986) y DNA multilocus-fingerprinting (Burke y Brufort, 
1987; Wetton et al. 1987), se optimizô el genotipado de loci 
microsatélites mediante PCR (Litt y Luty 1989; Tautz 1989; Weber y 
May 1989). Este método es en la actualidad el mâs ampliamente usado 
para el diagnôstico de patemidad, la identifîcaciôn individual y el 
establecimiento de relaciones de parentesco entre los individuos.
Las razones del éxito de los microsatélites-marcadores genéticos 
constituidos por secuencias de entre dos y cinco bases de ADN que se 
repiten en tandem de manera consecutiva normalmente hasta 40 veces 
(Selkoe y Toonen 2006)-se basan fundamentalmente en que se ajustan 
en gran medida a la idea de marcador genético ideal, ya que los 
microsatélites son marcadores muy abundantes en el genoma 
eucariôtico, muy polimôrficos (Jame y Lagoda 1996; Selkoe y Toonen, 
2006; Sunnucks 2000; Van Oosterhout et al. 2004) y que una vez 
optimizados permiten reconocer individuos homocigotos y 
heterocigotos, ya que son codominantes, selectivamente neutros 
(Schlotterer 2000; Selkoe y Toonen 2006) y presentan segregaciôn 
mendeliana. Ademâs cada marcador de locus y cada alelo dentro de 
cada locus es independiente (excepto en los casos raros de ligamiento), 
por lo que combinar los datos de distintos loci da informaciôn mâs
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précisa que ayuda a la identifîcaciôn individual y a reducir los errores 
de muestreo (Selkoe y Toonen 2006; Sunnucks 2000). A estas razones 
se unen también ventajas de carâcter metodolôgico, ya que estos 
marcadores pueden ser analizados mediante PCR y, por tanto, para 
amplifîcarlos con éxito no es necesario contar con grandes muestras de 
tejido para extraer el ADN, ya que al tratarse de secuencias cortas, 
pueden amplificarse incluso cuando existe cierta degradaciôn del ADN 
(Queller et al. 1993; Jame y Lagoda 1996; Sunnucks 2000; McPherson 
y Môller 2000; Selkoe y Toonen 2006). Por otro lado, gracias a los 
avances biotecnolôgicos de aparataje y software apropiados, se puede 
estimar el tamano de los alelos de cada locus analizado en un individuo 
con gran precisiôn y comparar éste con el tamano de los alelos para ese 
mismo locus de otros individuos, lo que permite obtener perfîles 
genéticos de los individuos muy precisos.
3. Manipulaciones hormonales para el estudio de los patrones de 
patemidad
Las comportamientos promiscuos pueden tener una base fisiolôgica; asi 
por ejemplo, se ha visto en numerosas especies que el nivel de 
testosterona es mâs alto en las especies poliginicas que en las especies 
monôgamas durante la época de cria, lo cual parece estar relacionado 
con la atracciôn de un mayor numéro de hembras (Beletsky et al., 
1995). Se han hecho numerosos estudios acerca de los efectos de 
diferentes niveles de testosterona en machos, que han demostrado sus 
efecto directo en comportamientos sexuales y reproductores taies como 
disminuciôn del cuidado parental, aumento de la agresividad, desarrollo 
de caractères secundarios o aumento de las EPCs (revisado en 
Wingfield et al. 1990; Schlinger et al. 2001; Roberts et al. 2004; 
Hirschenhauser y Oliveira 2006). Las hembras también presentan 
ciertos niveles de testosterona y su influencia en la fisiologia, 
reproducciôn y otras conductas, entre ellas algunas potencialmente 
relacionadas con la defensa y adquisiciôn de parejas, han sido ya 
mostradas en algunos estudios (revisado en Ketterson et al. 2005). No 
obstante, queda aùn por averiguar si la testosterona de una hembra 
podria estar impli cada en su decisiôn para buscar EPCs. Esto no séria 
raro, dado que las hembras parecen ejercer un papel activo en la
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conducta promiscua y que el papel de esta hormona en dicha conducta 
en el caso de los machos ha sido ya comprobado en algunas especies 
(Raouf étal. 1997)
El modo mâs sencillo de analizar la posible relaciôn entre la 
concentraciôn de una hormona y sus posibles efectos es incrementar la 
concentraciôn de la hormona en los individuos mediante implantes 
subcutâneos que contengan una dosis no farmacolôgica. Esta técnica se 
ha utilizado ya en numerosas ocasiones demostrando su idoneidad 
(Nolan y Ketterson 1992; Raouf et al. 1997; Veiga et al. 2001, 2002; 
Cordero et al. 2003; Veiga y Polo 2008; O'Neal et al. 2008; Lôpez-Rul 
y Gil 2009).
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El objetivo general de esta tesis es tratar de entender la conducta 
promiscua del estomino negro (medida principalmente como presencia 
de polios extra-pareja (EPOs) en sus nidos) desde una doble 
perspectiva, funcional y evolutiva, y analizar como influyen ambos 
sexos y sus caracteristicas en la elecciôn de esta estrategia en el marco 
de un conflicto sexual en el que las decisiones de cada uno de los sexos 
estân directamente influidas por las del otro (Carranza 1994). Ademâs, 
con la manipulaciôn experimental de la fisiologia hormonal de las 
hembras, intentaremos analizar los efectos de la variaciôn de las 
estrategias de reproducciôn y sus repercusiones en el éxito reproductor 
de los individuos. Para ello se contemplarân como objetivos 
particulares los siguientes:
1 ) Obtener y optimizar un panel de marcadores para microsatélites 
polimôrficos de amplificaciôn cmzada vâlidos para su empleo 
en estudios genéticos en el estomino negro y, en concreto, en 
estudios de patemidad, patemidad extra-pareja, 
pseudoparasitismo y parasitismo intra-especifico. (Capitulo 1)
2) Investigar si el estatus hormonal de las hembras, y en concreto 
sus niveles de testosterona, influyen en el control que éstas 
pueden ejercer sobre las côpulas extra-pareja (EPCs). ^Puede la 
testosterona plasmâtica influir en el estatus de emparejamiento 
de las hembras y en su decisiôn de buscar machos extra-pareja? 
^Son los efectos no deseados de la testosterona en hembras los 
responsables de que estas se reproduzcan bajo un sistema 
poliginico que es ventajoso para los machos pero perjudicial 
para ellas? (Capitulo 2)
3) Investigar si existen variaciones en el cuidado parental de los 
machos en funciôn de su confianza de patemidad. Dado que las 
fertilizaciones extra-pareja son ffecuentes en el estomino negro, 
un aspecto importante a dilucidar es si los machos que tienen 
EPOs en su nido ceban menos que los machos que no suffen 
pérdida de patemidad. Este anâlisis es interesante, puesto que la 
reducciôn en el cuidado parental ejercido por los machos puede 
representar uno de los mayores costes de la patemidad extra- 
pareja para las hembras de muchas especies de aves, cuando el
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control de las copulas extra-pareja recae en ellas. Desde una 
perspectiva evolutiva, este analisis arrojaria nuevos datos acerca 
de las posibles causas del mantenimiento de la patemidad extra- 
pareja como estrategia reproductora. (Capitulo 3)
4) Evaluar la importancia relativa que los atributos fenotipicos 
(condicion fisica, experiencia y omamentos) tanto de los 
machos como de las hembras tienen en los niveles de patemidad 
extra-pareja en el estomino negro. Si las conductas promiscuas 
estan relacionadas con la busqueda de individuos de mayor 
calidad que la pareja social y aceptamos el fenotipo como un 
reflejo de la calidad de los mismos, esperariamos encontrar 
diferencias fenotipicas entre los individuos que participasen 
activamente en este tipo de estrategias y los que no lo hicieran o 
tuvieran, a su vez, EPOs en sus nidos (Capitulo 4)
5) Abordar desde una aproximacion multihipotesis (hipotesis de la 
diversidad genética, hipotesis de garantia de la fertilidad, 
hipotesis de los “buenos genes” e hipotesis de compatibilidad 
genética) las posibles causas de la elecciôn de la patemidad 
extra-pareja como estrategia reproductora por parte de las 
hembras. Este estudio complementa al anterior, ya que no se 
centra tan solo en las diferencias entre los individuos adultos, 
sino también en las diferencias entre los polios producidos a 
través de EPCs y aquellos otros que son hijos genéticos de la 
pareja social (Capitulo 5).
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CAPITULO 1
Microsatélites polimorficos de amplificaciôn 
cruzada para el estornino negro (Sturnus
unicolor)
Elena Garcia-Vigôn, Pedro J. Cordero & José Pablo Veiga. 2008. 
Cross-amplified polymorphic microsatellites for the Spotless 




Objetivos: Contrastar la validez real de 18 cebadores para
microsatélites de amplificaciôn cruzada para el genotipado de 
individuos de estomino negro Sturnus unicolor y, por tanto, expandir el 
panel de microsatélites realmente utiles para realizar estudios genéticos 
en esta especie.
Locaiidad: Villalba, Madrid, Spain,
Métodos: Se usaron como punto de partida 18 cebadores para 
microsatélites aislados a partir de 7 especies distintas de aves. Su 
reacciôn en cadena de la polimerasa (PCR) fue optimizada. Se analizô 
el polimorfismo y la variabilidad genética de aquellos cebadores que 
producian bandas del tamano esperado y tenian un electroferograma y 
patron de segregaciôn claro. Para testar la verdadera utilidad de estos 
cebadores en estudios genéticos, se decidiô usarlos para analizar la 
ffecuencia de patemidad extra-pareja (EPP), parasitisme intra- 
especifico (IBP) y pseudo-parasitismo en 30 parejas y 206 polios.
Resultados: De los 18 microsatélites originales, se seleccionaron 6 por 
su polimorfismo (promedio 8 alelos por locus), heterocigosis 
(heterocigosis esperada: 0.656) y claro patron de segregaciôn. Se 
detectaron casos de EPP (16.5 % de los polios y el 51 % de las puestas) 
y pseudo-parasitismo (0.97% de los polios y 3.5 % de las puestas). No 
se detectô ningûn caso de IBP.
Conclusiones: Este trabajo proporciona 6 marcadores polimôrficos de 
amplificaciôn cruzada en el estomino negro y testa su validez para 
estudios genéticos en esta especie en un numéro razonable de 
individuos, confirmado asi, su utilidad en posibles estudios futuros de 
diversidad genética, estmctura de la poblaciôn, identificaciôn de 
individuos y estrategias reproductoras.
Palabras clave: microsatélites de amplificaciôn cmzada, patemidad 




Cross-amplified polymorphic microsatellites for the 
spotless starling Sturnus unicolor
ABSTRACT
Aims: To test the real suitability of a set of 18 cross-amplified 
microsatellite primers for individual genotyping of the spotless starling 
and, therefore, to expand the panel of available microsatellite really 
useful for genetic studies of this species.
Location: Villalba, Madrid, Spain.
Methods: 18 microsatellite primers isolated from 7 different bird 
species were used as starting point. Their Polymerase Chain Reaction 
(PCR) was optimized. The polymorphism and genetic variability of 
primers that produced bands of expected size and had a clear 
electropherogram and segregation pattern was checked. To test the real 
suitability of these primers in genetic studies, they were used to analyse 
the frequency of extra-pair paternity (EPP), intra-specific brood 
parasitism (IBP) and pseudo-parasitism in 30 breeding pairs and 206 
offspring.
Results: Six of the 18 initial primers were selected by their 
polymorphism (average alleles per locus: 8), heterozygosity (expected 
heterozygosity: 0.656), segregation and unambiguous electropherogram 
pattern. EPP was 16.5 % of offspring and 51 % of clutches. Pseudo­
parasitism was 0.97 % of offspring and 3.5 % of clutches. IBP was not 
detected.
Conclusions: This paper provides 6 cross-amplified polymorphic 
markers for spotless starling and tests their suitability for genetic 
studies in this species in a reasonable number of individuals, 
confirming their utility in possible future studies of genetic diversity, 
population structure, individual identification and reproductive 
strategies.
Keywords: cross-amplified microsatellites, extra-pair paternity, 
pseudo-parasitism, Sturnus unicolor.
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INTRODUCTION
The spotless starling Sturnus 
unicolor is a facultatively 
polygynous passerine living in 
large permanent social groups 
which is being intensively studied 
(Moreno et al. 1999; Veiga et al. 
2001, 2002, 2004; Polo et al. 
2004; Polo & Veiga, 2006). Their 
laying period extends from mid 
April to mid June and most 
females lay two clutches per 
breading season. Both males and 
females defend nest boxes against 
competitors and intra-sexual 
competition for nest sites is heavy 
in both males and females.
Breeding is mostly synchronous 
and alternative breeding strategies 
such as promiscuity and intra­
specific brood parasitism (IBP) 
had been detected using DNA 
multilocus fingerprinting
(Cordero et al. 2003). Also by 
using DNA multilocus
fingerprinting Aparicio et al. 
(2001) provided a new index for 
individual homozygosity based on 
the frequency of bands shared 
between parents and offspring
used for studies on heterozygosity 
fitness correlations (Aparicio et 
al. 2001; Cordero et al. 2004). 
However, the use of this type of 
DNA marker and others like 
RAPDs, and single-locus
minisatellites can have significant 
methodological or logistic 
disadvantages, as they are more 
time consuming and provide less 
accurate information on alleles 
segregation limiting the utility of 
their application to a particular 
population study (Dawson et al. 
1997). Microsatellites are 
polymorphic markers PCR-based 
requiring minimal amounts of 
DNA and therefore less invasive 
methods for sampling. They are 
relatively cheap, their analysis is 
faster than for traditional genetic 
markers and they present locus- 
specificity and co-dominance. 
The advantages of the use of 
microsatellites as genetic markers 
seem to be evident, and their 
characteristics match with those 
described by Quellar et al. (1993) 
for the ideal genetic marker. 
Furthermore, microsatellite DNA 
is relatively abundant in the 
genomes of many taxa and loci 
have been isolated from a variety 
of wild vertebrates (Amos et al. 
1992; Taylor et al. 1994; Paetkau 
& Strobeck, 1994) including 
avian species (Ellegren 1992; 
Hanotte et al. 1994; McDonald & 
Potts 1994; Primmer et al. 1995, 
1996; Gibbs et al. 1996). One of 
the drawbacks for the use of 
microsatellites is that they require 
a complete and time-consuming
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process for isolation from the 
focal study species. Recently, 
nine specific microsatellites have 
been developed and tested for 
efficiency in the spotless starling 
(Celis et al. 2007). However, 
increasing the panel of 
amplifiable microsatellites is 
beneficial for the analyses of 
individual heterozygosity and pair 
genetic similarity. An alternative 
to specific microsatellites 
isolation is testing the cross- 
amplification of microsatellites 
already available from different 
taxa (Galbusera et al. 2000). This 
is a cheaper and faster method to 
obtain amplifiable microsatellites 
for a study species and it has been 
used for a number of avian 
species (Amiga et al. 1996; 
Dallimer 1999; Dawson et al. 
2000; Galbusera et al. 2000; 
Loyau et al. 2005; Primmer et al. 
2005). In this paper 18 cross­
amplified microsatellites are 
tested for their suitability in 
individual genotyping at the 
spotless starling to try to expand 
the panel of available 
microsatellites useful for this 
species, in which there are still 
many evolutionary questions to be 
solved on genetic diversity and 
fitness, sexual selection and 
mating strategies.
MATERIAL AND METHODS 
DNA extraction
Blood samples were obtained 
from adults when they were 
captured and from the nestlings 
when they were about 5-6 days 
old, by puncturing the jugular 
vein. About 0.1 ml of blood was 
stored in the field in absolute 
ethanol and then kept at -40 °C. 
DNA was extracted and purified 
from blood samples using 
NucleoSpin ® Tissue Kit 
(Macherey-Nagel).
Primers's amplification
Seven primers isolated from 
Acrocephalus sechellensis,
Aphelocoma ultramarina,
Catharus ustulatus, Fycedula 
hypoleuca, Parus caeruleus and 
Poecille atricapillus and 11 
primers initially developed for 
Lamprotornis superbus and tested 
for amplification, but not 
polymorphism, in the spotless 
starling (Rubenstein 2005) were 
used to test for their cross­
amplification in spotless starling. 
(Table 1, Appendix 1). 
Polymerase chain reaction (PCR) 
was optimized and carried out on 
a Mastercycler Epgradients 
(Eppendorf) thermal cycler using 
a 40-60 °C annealing temperature
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gradient. Approximately 5-10 ng 
of template DNA were added to 
15 pi reaction volumes containing 
IX Biotools standard buffer (75 
mM Tris HCl (pH 9.0), 2 mM 
MgCli, 50 mM KCl, 20 mM 
(NH4)2S0 4 , Biotools), 0.2 mM of 
each dNTP, 0.2 pM of each 
primer and 0.5 U of Taq DNA 
polymerase (Biotools). The PCR 
programme used was 4 min 
denaturing at 94 ®C followed by 
30 cycles of 30 s at 94 ®C, 45 s at 
the annealing temperature and 45 
s at 72 °C, ending with 5 min 
elongation stage at 72 ‘’C. PCR 
products were visualized under 
UV light after electrophoresis on 





Primers producing bands of 
expected size were labelled with 
fluorescent dyes (FAM, HEX or 
NED) at the 5 'end and checked 
for polymorphism in 70 unrelated 
individuals of the total sample 
studied. Approximately 10 ng of 
template DNA were amplified in 
13 pi reaction volumes containing 
Ecostart® Reaction Buffer 1X( 
(16 mM (NH4)2S0 4 ; 67 mM Tris- 
HCl (Ph 8.3 a 25 T ); 0.01% 
Tween-20), 0.2 mM dNTPs, 0.25
pmol of each labelled primer and 
0.02 U of Taq DNA polymerase 
(Ecostart®, Ecogen). Polymerase 
chain reaction (PCR) was run on a 
GeneAmp® PCR System 9700 
(Applied Biosystem) thermal 
cycler following a dénaturation 
step at 95 °C for 7 min followed 
by 40 cycles of 30 s at 94 “C; 45 s 
at the annealing temperature and 
45 s at 72 °C, ending with a 5 min 
elongation stage at 72 ®C. Finally, 
5 pi of the PCR product was run 
on a 2.5 % agarose gel to verify 
amplification. PCR products were 
sized using a ROX labelled size 
standard in a single-capillary 
automated DNA sequencer (ABI 
310® Genetic Analyzer, Applied 
Biosystems) and genotypes were 
scored using GeneScan 3.7 
(Applied Biosystems). In cases 
where product signal was too low 
for accurate allele sizing, PCR on 
the sample was repeated. The 
primers which have a clear 
electropherogram pattern were 
selected and their variability was 
analysed using CERVUS 2.0 
(Marshall et a l 1998), GENEPOP 
3.4 (Raymond & Rousset 1995) 





The selected primers were used to 
analyse the frequency of EPP, 
IBP and pseudo-parasitism in a 
breeding colony of Villalba 
(Madrid, Spain; Moreno et al.
1999) during four breeding 
seasons. The genetic relationships 
of 206 nestlings, 20 breeding 
females and 27 putative social 
males not submitted to any 
hormonal manipulation
experiment (Veiga et a l 2004) 
was determined by comparing 
nestling genotypes firstly to that 
of the attending female and then 
to the territorial male at the six 
loci. Within-pair young was 
considered if nestlings alleles 
matched (i.e. if  they possessed 
alleles of the size of each parent 
and segregation was compatible 
with Mendelian inheritance) to 
the social parents alleles on all six 
loci or had one mismatched allele 
assuming that this mismatch 
could be originated through 
mutation. Nestlings that 
mismatched the social male allele 
at two or more loci were 
considered to be extra-pair 
offspring (Johnsen et al. 1998). 
Those that mismatched the social 
female allele at two or more loci 
but matched the social male were 
considered as pseudo-parasite
offspring. Nestlings that 
mismatched both social male and 
female alleles at two or more loci 
were considered to be intra- 
specific-parasite offspring. The 
offspring (if the other siblings 
matched) or the parents (if all 
siblings mismatched in two or 
more loci) were genotyped again 
for all parent-offspring 





microsatellite loci useful for 
genetic analyses
Of the 18 initial primers 15 were 
polymorphic in spotless starling 
and of these 6 were selected for 
their unambiguous and clear 
electropherogram and their 
segregation pattern. (Table 1, 
Appendix 1). These loci produced 
48 alleles and were polymorphic 
with an average of 8 alleles per 
locus (range: 4- 12). Average 
proportion of heterozygotes was 
0.669. The frequency of expected 
(0.656; range: 0.431- 0.815) and 
observed (0.682; range: 0,457- 
0.841) heterozygosity did not 
differ ,2 = 4.1; /> = 0.9822) 
indicating no departure from
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Hardy-Weinberg equilibrium and 
an absence of a significant 
proportion of null alleles (sensu 
Pemberton et al. 1995; Primmer 
et al. 1995). All tests for pair-wise 
linkage disequilibrium between 
loci were non-significant. The 
probability of parental exclusion 
at each locus ranged between 
0.269 and 0.651 and the combined 
probability of parental exclusion 
for all six loci together was 0.977.
Use of microsatellite markers 
for parentage analysis
The real suitability of the 6 
selected microsatellites for 
genetic studies was assessed using 
them to analyse extra-pair 
paternity, pseudo-parasitism and 
intraspecific-brood parasitism in 
the study population. The 16.5%
(34/206) of chicks resulted from 
extra-pair fertilization and 51% of 
clutches (29/57) contained at least 
one extra-pair young. Pseudo­
parasitism occurred in 0.97% 
(2/206) of chicks from 3.5% of 
clutches (2/57) but we did not 
detect IBP, results congruent with 
previous work (Cordero et al.
2003).
In sum, the primary result of this 
paper is that it provides a set 6 
cross-amplified microsatellites for 
spotless starling that have been 
already tested in a full population 
(253 individuals) showing that 
they are efficient for studies of 
parentage and could be also used 
for studies of genetic diversity, 
dispersal, population substructure 
and genetic correlates of mating 
and breeding success in this
species
Table 1. -Characterization of 6 selected cross-amplified microsatellite loci for 
spotless starling (Sturnus unicolor). Primer name, initial species, original locus 
source reference, GenBanK Accession numbers, primer sequences, primer-dye, 
annealing temperatures (Ta), number of individuals tested, number of alleles, size 
range, observed heterozygosity (HO), expected heterozygosity (HE), exact f-values 
and SE o f the Hardy-Weinberg equilibrium test for six cross-amplified microsatellite 
loci selected in spotless starling.
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CAPITULO 2
La testosterona exôgena en hembras de 
estornino negro reduce la tasa de polios extra-
pareja
Elena Garcia-Vigon, Pedro J. Cordero & José Pablo Veiga. 2008. 
Exogenous testosterone in female spotless starlings reduces their 




Los efectos de la testosterona exôgena sobre la biologia reproductora 
de las hembras en aves son en gran medida desconocidos. Una cuestiôn 
sin solventar aùn es si la testosterona tiene un papel en las estrategias 
de emparejamiento de las hembras, que afecte, por ejemplo, al numéro 
de polios extra-pareja (EPO) obtenidos. En este estudio aumentamos 
experimentalmente los niveles de testosterona circulantes en las 
hembras de una colonia libre de estomino negro, Sturnus unicolor, y 
medimos las tasas de patemidad mixta en sus polladas. Las hembras 
tratadas con testosterona tuvieron un porcentaje signifîcativamente 
reducido de EPO en relaciôn a las hembras control y esta diferencia 
persistiô en los anos siguientes al tratamiento. Ademâs, la edad de las 
hembras estuvo negativamente relacionada con los EPO, mi entras que 
el numéro de polios lo estuvo positivamente. Para nuestro 
conocimiento, este es el primer estudio sobre hembras en el que los 
EPO se han analizado en relaciôn a una manipulaciôn experimental de 
la testosterona. Nosotros sugerimos que las hembras tratadas con 
testosterona son menos atractivas para los machos que buscan hembras 
extra-pareja para aparearse y que hay efectos a largo plazo de la 
testosterona sobre el emparejamiento de las hembras que persisten 
durante anos.
Palabras clave: patemidad extra-pareja, testosterona de la hembra, 
estrategia reproductora, estomino negro, Sturnus unicolor.




Exogenous testosterone in female spotless starlings 
reduces their rate of extra-pair offspring
ABSTRACT
The effects of exogenous testosterone on the breeding biology of avian 
females are largely unknown. One unanswered question is whether 
testosterone has a role in female mating strategies affecting, for 
example, the rate of extra-pair offspring (EPO) obtained. We 
experimentally increased circulating testosterone in females of a free- 
ranging population of the spotless starling, Sturnus unicolor, and 
measured rates of mixed paternity in their broods. Females treated with 
exogenous testosterone had a significantly reduced percentage of extra­
pair offspring in relation to controls and this difference persisted in the 
years after treatment. In addition, female age was negatively, and the 
number of nestlings was positively, related to EPO. To our knowledge, 
this is the first study on females in which EPO has been analysed in 
relation to an experimental testosterone manipulation. We suggest that 
females treated with testosterone are less attractive to males seeking 
extra-pair mates and that there are delayed effects of testosterone on 
female mating that persist for years.
Keywords: extra-pair paternity, female testosterone, reproductive 
strategy, spotless starling, Sturnus unicolor.
INTRODUCTION Both experimental and correlative
studies have documented effects 
It is well known that testosterone testosterone in controlling
affects mating, breeding and sexual and reproductive
territorial behaviour of males of behaviours particularly in birds,
various vertebrate species ^bat is, in stimulating territorial
(reviewed in Wingfield et al. aggressiveness and mate
1990, Schlinger et al. 2001, attraction tactics (Watson & Parr
Roberts et al. 2004; iqgi; Balthazart 1983; Moore 
Hirschenhauser & Oliveira 2006). 1984; Wingfield 1984; Ketterson
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& Nolan 1994, 1999; Enstrom et 
al. 1997; Hunt et al. 1997; 
Wingfield et al. 2001), inducing 
the development of secondary 
sexual characters (Hillgarth & 
Wingfield 1997) including male 
ornamentation (reviewed in 
Nelson 2000; also Buchanan et al,
2001) and enhancing courtship 
and mating behaviours 
(McGlothlin et al. 2004; Zysling 
et al. 2006) and higher rates of 
extra-pair fertilizations (EPFs; 
Raouf et al. 1997; see, however, 
Foerster & Kempenaers 2004). In 
fact, circulating testosterone 
levels and rates of extra-pair 
offspring (EPO) are positively 
correlated in various bird taxa 
(Garamszegi et al. 2005). High 
levels of circulating testosterone 
may also have general 
repercussions for individual 
survival (e.g. Dufty 1989; Nolan 
et al. 1992; Reed et al. 2006), 
probably because of its multiple 
influences in avian physiology 
(Hannsler & Prinzinger 1979; 
Feuerbacher & Prinzinger 1981; 
Wingfield 1984; Ketterson et al. 
1991, 2001). Increased
testosterone may reduce the 
immune response, increasing the 
incidence of parasites (Folstad & 
Karter 1992; Duffy et al. 2000; 
Eens et al. 2000; Casto et al. 
2001; De Ridder et al. 2002;
Mougeot et al. 2004; Owen- 
Ashley et al. 2004; reviewed in 
Roberts et al. 2004). It may also 
increase the risks of injury 
(Beletsky et al. 1995), reduce 
male parental care (Schoech et al. 
1998; Moreno et al. 1999) and 
lower fertility by reducing 
spermatogenesis (Desjardins & 
Turek 1977) or ejaculate size 
(Kast et al. 1998).
Females also have certain levels 
of circulating testosterone, but in 
this sex the effects are largely 
unknown (Wingfield 1994; Staub 
& De Beer 1997; Ketterson et al. 
2005; Sandell 2007). In females, 
it is synthesized primarily in the 
ovaries, by cells in the follicle 
wall, but also in other tissues, for 
example the adrenals and perhaps 
even the brain (Arnold 2004) and 
it affects normal female 
functioning. In fact, levels of 
testosterone in males and females 
are correlated across species 
(Ketterson et al. 2005; Moller et 
al. 2005) suggesting that the 
concentration may be controlled 
by the same genetic factors in 
both sexes. As in males, 
testosterone in females is also 
subject to seasonal fluctuations 
and an experimental increase in 




behavioural changes making them 
more similar to males (Ketterson 
et al. 2005). Administration of 
testosterone within the 
physiological range may also 
affect mating. Higher levels of 
testosterone enhance female- 
female aggression (Searcy 1988; 
Adkins-Regan 1999; Zysling et 
al. 2006; Sandell 2007) and 
stimulate song (e.g. Kern & King 
1972; Arcese et al. 1988; 
Hausberger et al. 1995; Nespor et 
al. 1996), traits potentially related 
to the defence and acquisition of 
mates and clearly in accordance 
with those shown by males with 
experimentally increased
testosterone. Testosterone may 
also make females less selective 
when choosing males 
(McGlothlin et al. 2004). Because 
they are more male like, 
testosterone-treated females may 
become less attractive to potential 
mates (Ketterson et al. 2005). 
Another effect of testosterone on 
females is a delay in laying and a 
reduction in clutch size (Searcy 
1988; Clotfelter et al. 2004; 
Rutkowska et al. 2005). When 
selection strongly favours a 
testosterone dependent trait in 
males but the trait may be 
detrimental to females in some 
way, a correlated response to 
selection in females could slow
the rate of evolution of this trait in 
males (McGlothlin et al. 2004; 
Ketterson et al. 2005; Moller et 
al. 2005).
Given the pleiotropic effects of 
testosterone on female birds, 
which are in part mirrored by 
those found in males, one 
unanswered question is whether 
testosterone affects rates of EPFs 
and, in natural populations,
changes mate selection by 
females. We investigated this 
question experimentally, using the 
spotless starling, Sturnus 
unicolor, in which exogenous 
testosterone in males increases 
territory size, polygyny (Veiga et 
al, 2001) and reproductive
success (Veiga et al. 2002), 
although not EPFs (Cordero et al.
2003). We followed the same 
procedures as Veiga et al. (2001, 
2002) and Cordero et al. (2003). 
We increased circulating
testosterone in females by using 
implants with or without 
testosterone (T-females versus C- 
females). Then we used
polymorphic microsatellites to 
test for rates of extra-pair 
paternity in their broods, 
assuming that EPFs contribute to 
variation in the breeding success 
of spotless starlings, as they do in 
many passerine species (Griffith
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et al. 2002). Testosterone 
implants in female spotless 
starlings are already known to 
delay the onset of laying and 
reduce clutch size, but they 
enhance their territorial behaviour 
and their survival, so T-females 
have similar lifetime reproductive 
success to C-females (Veiga & 
Polo, in press).
Although we do not know which 
sex solicits extra-pair copulations 
(EPCs) in the spotless starling, it 
is likely to be males, as they do in 
the closely related European 
starling, Sturnus vulgaris (Pinxten 
& Eens 1997). Thus if T-females 
look and behave more like males 
and are less attractive to them 
(Ketterson et al. 2005), potential 
extra-pair males should prefer C- 
females, which would therefore 
attain higher rates of EPFs than T- 
females. However, to our 
knowledge this is the first study 
on females in which EPOs have 
been analysed in relation to 
experimental testosterone
manipulation. Because of the 
large effects of testosterone on 
female physiology, reproduction 
and behaviour (reviewed in 
Ketterson et al, 2005) we cannot 
discount the possibility that T- 
females encourage males to 
initiate EPCs. For example, song
is stimulated by testosterone (e.g. 
Kern & King 1972; Arcese et al. 
1988; Hausberger et al. 1995; 
Nespor et al. 1996), and T- 
females could use song as a 
display in the same way as males 
do to attract extra-pair mates 
(Catchpole & Slater 1995; Eens & 
Pinxten 1998). Furthermore, T- 
females could also become less 
selective about mates (McGlothlin 
et al. 2004), allowing more 
potential partners to engage in 
EPCs, thus increasing their 
chances of getting EPFs relative 
to C-females. Furthermore, we 
believe that variation in 
circulating testosterone in females 
could induce more complex 
changes than currently suspected. 
Thus, an analysis o f rates of extra­
pair paternity of C- and T-females 
would provide us with new 
information about female mating 
strategies, casting some light on 
the possible links between the 
evolution of male testosterone- 
dependent traits, levels of 
circulating testosterone in males 
and females, and patterns of 





Study Area and Species
The study was undertaken in a 
colony comprising a plot of 40 
nestboxes of 1.3 ha at Villalba, 
near Madrid, Spain. The area is 
pastureland with scattered trees. A 
study of this colony has been 
underway since 1995 (Veiga et al.
2004).
The spotless starling is a 
facultatively polygynous
passerine. Males are about 6% 
heavier than females. Egg laying 
extends from mid-April to mid- 
June and most females lay two 
clutches per breeding season 
(Mean = 4.9 eggs per clutch) in 
which hatching success varies 
between 65 and 71% of the eggs, 
and nestling mortality varies from 
21 to 58% of the nestlings (Veiga
2002). Cordero et al. (2003) have 
documented EPO (16% of 
nestlings). Males and females 
defend nestboxes against 
competitors and intrasexual 
competition for nest sites is 
intense in both sexes.
Field Procedure
Paired females were captured in 
the nestboxes with guillotine 
spring traps before the onset of
laying between late February and 
late March for the hormone 
experiment and blood sampling 
(50-100 pi). The capture of 
females did not affect either their 
mating status or their current 
nestbox occupation. The interval 
between the hormone treatment 
and the start of breeding for 
experimental females ranged from
2 to 88 days (^±*SD = 44±21 
days). We ringed all adults with 
an aluminium ring and a 
combination of plastic colour 
rings to allow individual 
identification. Nestlings were 
ringed with aluminium rings 
when they were 5-6 days old and 
then bled. Blood was kept in the 
field in absolute ethanol and then 
stored at -40°C until used to 
extract DNA. Nestlings were 
measured on the 16th day after 
hatching. The number of nestlings 
measured that day was considered 
to be the number of chicks 
fledged, as no ringed chick was 
found dead in the nestboxes after 
this day (Veiga et al. 2002).
We confirmed the social parental 
status of breeding females by 
capturing them when they fed 
nestlings or by identifying their 
colour rings. To assign social 
parental status of breeding males 
we observed the singing and
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territorial activity of colour-ringed 
individuals during prelaying and 
videorecorded them at each nest 
during incubation and nestling 
care (Moreno et al. 1999; Veiga et 
al. 2002). In 1996 and 1997 we 
validated these criteria by 
verifying that the presumed 
owners were the genetic fathers of 
at least some offspring in their 
nest by using DNA fingerprinting 
(Cordero et al. 2003).
The Hormone Experiment
During 1998, 1999 and 2000, we 
captured 58 females to be used as 
experimental females (T-females) 
or control females (C-females) 
depending on whether they 
received testosterone (T) or empty 
(C) implants. The T- and C- 
females were balanced according 
to age and experience. Of the 
females used in this study, 23 had 
previous breeding experience and 
35 did not before manipulation. 
Of the former group, eight had a 
single year of breeding experience 
the year before manipulation (4 T- 
and 4 C-females), and 15 had 2 or 
more years of breeding 
experience before being 
implanted (7 T- and 8 C-females). 
Of the 35 females with no 
breeding experience, 19 were T- 
females and 16 were C-females.
In total, we implanted 30 T- and 
28 C-females. Females belonging 
to T or C groups did not differ 
statistically before manipulation 
in relation to any of the variables 
considered in this study, so they 
differed only in the level of 
testosterone.
The dose of testosterone we chose 
to administer was based on the 
finding that in some bird species, 
including the European starling (a 
sister species of the spotless 
starling), levels of circulating 
plasma testosterone are about four 
or five times lower in females 
than in males during the spring 
maximum (Silverin & Wingfield 
1982; Balthazart 1983; Sandell, 
2007). Thus, we used a fifth of the 
dose that we had used before to 
induce changes in territorial 
behaviour and parental investment 
in males of the same species with 
no adverse effect (Moreno et al., 
1999; Veiga et al. 2002). The T- 
females received a subcutaneous 
implant of a silastic tube (1.95 
mm outer diameter, 1.47 mm 
inner diameter, 10 mm length; 
Dow Coming Iberica S. A., 
Barcelona, Spain) filled with 
testosterone propionate (Sigma 
Chemicals Co., St Louis, MI, 
U.S.A.), whereas C-females 
received an empty implant.
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Implants were placed on the right 
shoulder, between the wings, 
while the birds were under 
anaesthesia (Forane, Abbot S.A., 
Madrid, Spain). The testosterone 
plasma concentration in similar, 
nearby experimental populations 
of the spotless starling treated 
with the same dose of testosterone 
was 0.36 ng/ml (range 0.04-1.08 
ng/ml; N= 53) for C-females and 
1.2 ±0.55 ng/ml (range 0.13-2,79 
ng/ml; N= 9; D. Gil & I. Lopez, 
unpublished data) for T-females. 
The mean level recorded in T- 
females was similar to the 
maximum levels measured in 
non-manipulated females. These 
differences disappeared in the 
following year (D. Gil & I. Lopez, 
unpublished data). Thus, the 
implants probably led to a 
relatively high level of
testosterone in the circulating 
plasma of females.
After manipulation, 40 of 58 
females bred either in the 
manipulation year or in the 
following years, the proportion 
being similar in T-females (19 of 
30) and C-females (21 of 28;
=0.92, F  = 0.337). Of the 
40 breeding females, we used 38 
for paternity analyses (18 T- and 
20 C-females). Of these 38 
females, 15 (4 T- and 11 C-
females) bred only during the 
manipulation year and 23 (14 T- 
and 9 C-females) bred for 2 or 
more years. Females were 
implanted in 1998, 1999 and 2000 
and we followed their 
reproduction until 2001. In the 
years after treatment we checked 
whether females maintained 
testosterone in their implants by 
their colour: full implants are 
white, losing this colour when 
empty.
Genetic Parentage Assignment
We carried out microsatellite 
genotyping on families whose 
social parentage was determined 
by continuous observation of 
individually ringed birds in the 
colony. We determined the true 
genetic relationships of 364 
nestlings from 115 clutches of 38 
breeding females and 41 putative 
social males. All genetic analyses 
of parental relationships were 
made blind with reference to 
treatment.
To extract and purify genomic 
DNA from the blood samples, we 
used NucleoSpin Tissue Kit 
(Macherey-Nagel, Duren,
Germany). To determine 
parentage we used the following 
primers: Pea-7 from blue tit, 
Cyanistes caeruleus (Dawson et
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al. 2000), Ase-18 from Seychelles 
warbler, Acrocephalus
sechellensis (Richardson et al. 
2000), and SS2.32, SS1.6,
SS1.106, SS.2.106 from superb 
starling, Lamprotornis superbus 
(Rubenstein 2005). These 
microsatellites were polymorphic 
for spotless starling and had a 
combined exclusion probability of 
0.973 (Garcia-Vigon et al. 2008).
We assessed genetic parentage by 
comparing nestling genotypes to 
those of the attending female and 
the territorial male at six loci. The 
alleles of within-pair offspring 
matched (i.e. they possessed 
compatible alleles with Mendelian 
inheritance) the social parents’ 
alleles in all six loci or had one 
mismatched allele which we 
assumed originated through 
mutation in a given locus.
Young that mismatched the 
paternal allele at two or more loci 
were considered to be extra-pair 
offspring (EPO; e.g. Johnsen et 
al. 1998). Potential instances of 
pseudoparasitism (two or more 
mismatched loci in the social 
mother but all matching the social 
father) and intraspecific brood 
parasitism (both social parents 
mismatching in two or more loci) 
were also investigated
Data Analysis
To test for variation in rates of 
EPO between C- and T females 
we carried out an ANCOVA 
using the univariate option of 
general linear models of the SPSS 
statistical package, version 11.5 
for Windows (SPSS Inc., 
Chicago, IE, U.S.A.). We did 
three different analyses: for the 
year of treatment, for all breeding 
seasons pooled and for the years 
after manipulation, excluding the 
year of treatment to detect
possible long-term effects of 
testosterone on EPOs. Tlie 
statistical unit for all ANCOVAS 
is the female, so we pooled all 
corresponding data per female 
and study period (year of
manipulation, years after 
manipulation or total years) in 
each analysis in which the 
dependent variable was the
percentage of EPO per female 
(number of EPO per female 
divided by the total number of 
nestlings analysed from that 
female per study period). This 
variable was arcsine square-root 
transformed (%EPO). To test for 
variation in %EPO in the year of 
manipulation, we included 
treatment (C or T) and year of 
manipulation (1998, 1999 or
2000) as fixed factors. To control
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for variables that were known to 
be or we suspected could be 
influential, we also included the 
following covariates: age of the 
female at the time of manipulation 
estimated as the number of years 
a female had bred in the colony 
before the manipulation year, date 
of laying of the first egg of the 
first clutch, total number of 
offspring produced that were bled 
and analysed, mating status of the 
female (i.e. whether she was 
mated with a monogamous or a 
polygynous male) and number of 
social mates obtained by the 
female / total reproductive 
attempts. We considered the latter 
to be a way of measuring a 
female’s fidelity to her male 
during the period of study, 
because females may change mate 
in different breeding attempts and 
this could be associated with 
higher rates of EPO (Pinxten et al. 
1993).
In the second analysis, we pooled 
all breeding attempts per female 
for all seasons including the year 
of manipulation. We followed the 
same protocol as before although 
we did not use the covariables 
laying date or female status. The 
covariable (nestlings) was 
measured as the sum of fledglings 
reared per female from the year of
manipulation until the 2001 
breeding season. The covariable 
(social mates) was measured as 
the total number of social mates 
obtained by females between the 
manipulation year and the 2001 
breeding season divided by the 
total number of reproductive 
attempts from the year of 
manipulation until the 2001 
breeding season.
Finally, we carried out a third 
analysis only for the years after 
manipulation to see whether there 
were any delayed effects of 
testosterone on the proportions of 
EPO. In this analysis, we also 
excluded the covariables laying 
date and female status. We did 
this analysis because some 
females did not breed in the year 
of manipulation, hut did later. For 
this analysis we calculated 
average age, which represents the 
mean of all age values in the 
different years a female bred 
following treatment.
Initially each ANCOVA was 
constructed with all explanatory 
terms fitted, including 
interactions. Final models were 
selected following a backward 
procedure, by progressively 
eliminating nonsignificant
variables. The significance of the
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remaining variables was tested 
again until no additional variable 
reached significance. All tests are 
two tailed and given at a 
significance level of 0.05.
Ethical Note
We hied nestlings at about 1 week 
of age, when they weighed 50 g 
or more, obtaining 50 |il of blood 
from the jugular vein. We noted 
no adverse effects, and their 
development was the same as in a 
control plot in which no blood 
was sampled. If the youngest 
chick was lighter than 50 g, we 
postponed sampling to a later 
visit. Adults sang and defended 
territories a few minutes after 
being bled (100 pi also from the 
jugular vein) and we never 
observed nest desertion or 
reduction in food provisioning or 
incubation bouts afterwards. 
Implant insertion caused no more 
apparent distress than blood 
sampling. Females were 
anaesthetized with Forane for less 
than 3 min and we found no 
immediate adverse effect after 
treatment or later on. There were 
no differences in the probability 
of breeding between C- and T- 
females in the experimental year ( 
=0.02, P  = 0.885). The 
proportion of C- or T females
breeding after treatment was 
similar in both groups (75% of C- 
females and 73.3% of T-females) 
suggesting that possible 
deleterious or adverse effects of 
testosterone were not affecting 
reproduction or survival 
negatively (see also Table 1 in 
Veiga et al. 2004 in which they 
include, among others, data of our 
studied females).
In addition, observational tracking 
of focal females during the days 
after manipulation showed that T- 
females behaved normally, 
although they were involved in 
aggressive encounters more 
frequently than C females. One 
year after implantation, females 
kept the implants while no trace 
of hormone (judged by implant 
colour) could be found. Spotless 
starlings are accustomed to 
human presence, as they normally 
breed in buildings, and the study 
colony has been monitored since 
1995 with a high nestbox 
occupation and fairly good 
breeding success yearly. The 
manipulation of nests, ringing, 
bleeding and implant 
manipulation were undertaken 
under licence from the Spanish 
Ministry of the Environment 
(General Directorate for Nature
82
Capitula 2
Conservation) and the Regional 
Government of Madrid.
RESULTS
For all years, 10.4% (38/364) of 
nestlings did not match their 
social father’s genotype and 
32.2% (37/115) of clutches
contained at least one mismatched 
offspring. We found that 65% 
(13/20) of C-females and 27.8% 
(5/18) of T-females had at least 
one EPO in their nests (
Y, -  5.26 ^  p  = 0.02 ) relation 
to nestlings, 15.3% (31/202) of C- 
females’ chicks and 4.3% (7/162) 
of T-females’ chicks were EPO (
=11.69 P  = 0.0006). In
relation to clutches: 48.2%
(27/56) in C-females and 17% 
(10/58) in T-females had at least
one EPO =12.41 ^
P <  0.001) Finally, in the cases 
in which we could identify
hatching order ( = 43 ) we
found that there was not a biased 
distribution of extra-pair paternity 
among the youngest nestlings of 
the broods, which are likely to die
(Yates corrected -0.05^ 
P  = 0.828 ) Successful
pseudoparasitism was rare (two 
instances, 0.55% of total 
nestlings; 0.58% of total clutches)
and both occurred in a C-female’s 
nest. We did not detect any case 
of intraspecific brood parasitism.
Testosterone and EPO in the 
Manipulation Year
After controlling for other 
influential variables, we found 
that treatment affected %EPO, 
with T-females showing lower 
rates of EPO than C-females ( 
F, 24 = 8.937, P = 0.006 ; Fig. 1 ).
This difference was not constant 
across the 3 years of manipulation 
(interaction
treatment*manipulation year: 
F4 24 =4.251, F  = 0.011). Other
significant variables entering the 
model and associated with %EPO 
were female age, with older 
females showing lower rates of 
EPO than younger females ( 
24 =4.393, F  = 0.047) and
nestlings, which was positively 
associated with %EPO ( 
F) 24 =9.961, F  = 0.004). The
other variables (laying date, year, 
social mates, female status) and 
their interactions were 
nonsignificant (all F  >0.05) so 
they were excluded from the final 
model ( F, 24 = 4.80, F  = 0,002)
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The difference in %EPO between 
T- and C-females was highest 
when we pooled all breeding 
seasons per female = 9.394,
P  = 0.004, Fig A ) suggesting that 
effects of testosterone may persist 






Short term  Long to m  O veral
Effects of testosterone on EPO rate
Figure 1. Percentage of extra-pair 
offspring (EPO) for control (• )  and 
testosterone-treated (o) female spotless 
starlings in relation to the time elapsed 
since testosterone manipulation. The 
effect o f testosterone manipulation on 
EPO rate is shown for the manipulation 
year (short term), in the years after 
manipulation (long term) and in all years 
and breeding attempts by females, 
including females not breeding in the 
year o f manipulation but doing so later 
(overall). Means are shown ± ISE. The 
number of sampled females is given 
above the points.
Female age in the manipulation 
year was associated with %EPO, 
with younger females having 
higher rates of EPO than older 
ones (F ,3j =9.671, f  = 0.004;
Fig A ). No other variable 
(nestlings, social mates, year), or 
their interactions, was significant 
(all P > 0 .0 5 ; final model: 









Figure 2. Percentage of extra-pair 
offspring (EPO) for control (o) and 
testosterone-treated (•)  female spotless 
starlings for all years and breeding 
attempts indicating the year in which 
females were manipulated. Means are 
shown ± ISE. The number of sampled 
females is given above the points.
Female age in the manipulation 
year was associated with %EPO, 
with younger females having 
higher rates of EPO than older 
ones (F j3, =9.671, F  = 0.004;
Fig3). No other variable
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(nestlings, social mates, year), or 
their interactions, was significant 
(all f  >0.05; final model: 
F ,3, =6.47, F < 0.001).
To see the importance of delayed 
effects of treatment on %EPO, we 
carried out a new analysis 
excluding data from the year of 
manipulation. We found that 
treatment was still significant ( 
F ,20 =4.520, F  = 0.046; Fig.I)
indicating a long-term effect of 
testosterone on reducing %EPO 
beyond the year of treatment even 
though implants were already 
empty. In addition, average age 
was again negatively associated 
with %EPO ( Fj 20 =6.819,
F  = 0.017).
>2
F^nab age (years)
Figure 3. Percentage of extra-pair 
offspring (EPO) for control (o) and 
testosterone-treated (• )  female spotless 
starlings in relation to female age in the
manipulation year and considering all 
breeding attempts of females. Means are 
shown ± ISE. The number of sampled 
females is given above the points.
DISCUSSION
Female spotless starlings treated 
with testosterone significantly 
reduced the percentage of EPO in 
relation to controls. As far as we 
know, this is the first study 
relating an experimental increase 
of circulating levels of 
testosterone and proportions of 
EPO in a female bird. Although 
our manipulating protocol was 
uniform in the 3 years of the 
experiment, we obtained a 
significant interaction between 
treatment and manipulation year. 
This interaction reflected different 
results between years with 1998 
showing a clearer pattern than 
1999 that is difficult to explain. 
We repeated the manipulation 
experiment in different years and 
with different females to enlarge 
the sample size, so relatively 
small sample sizes per season and 
across years could cause spurious 
interactions with year that may 
cloud the main picture. However, 
we were interested in the general 
effects of female treatment on 
rates of EPO and we believe that 
the overall result is valid in spite 
of this interaction. Furthermore,
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the difference between C- and T- 
females in relation to EPO 
became more consistent when we 
considered all breeding attempts 
per female for the whole period of 
study. Our results showed that the 
effect of treatment on rates of 
EPO persisted in the following 
breeding seasons (1-3 years after 
manipulation) when the 
experimental implants were 
empty, reinforcing our main 
finding of the relation between 
treatment and rates of EPO. Long­
term effects of exogenous 
testosterone have also been found 
in other studies (Collis & Borgia 
1992; Schwabl 1993; Ros et al.
1997) including male (Veiga et al.
2001) and female (Veiga et al.
2004) spotless starlings. These 
effects may be related to 
irreversible physiological changes 
in females after treatment (Staub 
& De Beer 1997) or to changes in 
the social status of the treated 
females (Veiga et al. 2004). One 
possible explanation for 
differences in rates of EPO 
between T- and C-females could 
be related to differential rates of 
mortality between intra- and 
extra-pair offspring according to 
their hatching order. However, we 
can discard this possibility 
because instances of EPO were 
not particularly biased to the
youngest nestling, which are 
thought to have a higher 
probability of dying fi*om 
starvation.
In contrast to studies on males, 
our results do not support the 
hypothesis that testosterone might 
enhance mating and courtship 
behaviour in females (Lank et al. 
1999; McGlothlin et al. 2004), at 
least in relation to extra-pair 
matings. The T-females were less 
successful at extra-pair mating 
than the C-females, perhaps
because exogenous testosterone 
masculinized both morphological 
and behavioural traits of
experimental females making 
them more like males (see
instances in Ketterson et al.
2005). This would have made 
them less attractive to potential 
extra-pair mates, assuming that 
males are the sex promoting EPCs 
in the spotless starling as they are 
in the closely related European 
starling (Pinxten & Eens 1997) 
and in other avian species (e.g. 
Magrath & Elgar 1997).
Spotless starling females could 
have fewer EPO simply because 
they invest more time in 
aggressive encounters
maintaining or gaining a new 
territory (see Sandell 2007 for 
European starling) although other
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phenotypic or behavioural 
changes may also be decisive as 
mentioned above. Alternatively, 
T-females, because of their more 
aggressive behaviour, may not 
allow extra-pair mating, a 
hypothesis requiring further
study. The fact that extra-pair 
males are more likely to have 
EPO with younger than with older 
females is interesting as most
studies on promiscuous mating 
have rarely examined the female’s 
perspective (see, however,
Dickinson 2001). Although the 
relation between female age and 
percentage of EPO was 
independent of treatment
(interaction treatment * female 
age was not significant, Ps > 0.3 
), this result suggests that 
testosterone could change the 
behaviour of young females so 
that they appear older. 
Irrespective of direct or indirect 
testosterone-related effects on 
female birds, we still have many 
unsolved theoretical and empirical 
questions on the mechanisms, 
causes and consequences of extra­
pair paternity, a phenomenon that 
is very variable between bird 
species (Petrie & Kempenaers
1998; Griffith et al, 2002;
Westneat & Stewart 2003). As 
female spotless starlings
manipulated with exogenous
testosterone had fewer EPOs than 
controls, it would be interesting to 
investigate whether different 
levels of circulating testosterone 
in females of natural populations 
across different taxa follow the 
same pattern and are associated 
with different rates of EPO. 
Levels of testosterone in females 
of different bird species could be 
a correlative by product of 
selection of a testosterone- 
dependent trait in males 
(McGlothlin et al. 2004; 
Ketterson et al. 2005; Moller et 
al. 2005). It could also be the 
product of direct selection on 
females, and in this case 
testosterone should covary with 
female ecology between species 
(Ketterson et al. 2005). To see 
whether our findings on spotless 
starlings could be extended to 
other species, we could look for 
studies where circulating levels of 
testosterone and rates of EPO 
have been analysed separately. 
For example, relatively high 
levels of female testosterone may 
be found in (1) species in which 
both males and females have high 
levels such as colonial bird 
species (Moller et al. 2005) and 
(2) species in which only females 
have high levels such as sexually 
monomorphic species and species 
with socially monogamous mating
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systems (Ketterson et al. 2005). 
However, data on EPO are 
diverse and contradictory in this 
respect as EPO are expected to be 
higher among dimorphic than 
monomorphic species (Moller & 
Birkhead 1994) and among those 
attaining higher densities than 
solitary breeders (Westneat & 
Sherman 1997; Moller & Ninni
1998).
In conclusion, we found for the 
first time that an exogenous 
administration of testosterone in 
female birds (spotless starling) 
reduces proportions of EPO. 
Furthermore, but not less 
importantly, we have shown that 
this difference persists in 
individuals for several years after 
manipulation. It would be of 
interest to carry out more 
contrasting experiments in this 
respect and in different species 
and with reproductive strategies 
other than facultative polygyny to 
see the possible repercussions and 
generalization of the effects of 
testosterone on alternative mating 
tactics of females in other 
vertebrate species.
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La tasa de ceba del macho y la paternidad 
extra-pareja en el estornlno negro con poliginia
facultativa
Elena Garcia-Vigon, José Pablo Veiga & Pedro J. Cordero. 2009.
Male feeding rate and extra-pair paternity in the facultatively 




En aves, los machos se enffentan a menudo a una pérdida de paternidad 
en sus nidos como consecuencia del comportamiento promiscuo de sus 
parejas. Segùn la teoria de inversion parental el cuidado de polios de 
machos rivales tiene costes, de manera que la seleccion actua en contra 
de los machos que cuidan de aquellos polios con los que no estan 
relacionados genéticamente. En este estudio examinâmes la relaciôn 
entre el cuidado parental y la paternidad en el estomino negro, Sturnus 
unicolor, durante très estaciones de cria consecutivas. Nosotros no 
encontramos evidencias de que los machos de estomino negro 
redujesen la tasa de ceba a los polios en flinciôn de su pérdida de 
patemidad en los nidos. Sorprendentemente, los machos que perdian 
patemidad en sus nidos tuvieron tasas de ceba mas altas en ellos que los 
machos que no perdieron patemidad. Aunque este resultado merece 
mas investigaciôn, nosotros argumentamos que los machos de estomino 
negro no reducen su tasa de ceba cuando pierden patemidad 
principalmente porque el hecho de variar la tasa de ceba no es muy 
costoso en una especie en la que la poligamia esta relacionada con la 
eficacia biolôgica del macho, la ocurrencia de patemidad extra-pareja 
es impredecible y las claves fiables para evaluar la patemidad son poco 
probables. Ademâs présentâmes varias hipotesis para interpretar un 
incremento en la tasa de ceba de los machos que pierden patemidad 
respecte a los machos que no pierden patemidad en términos de calidad 
parental, concibiendo las cebas como una forma de esfuerzo de 
apareamiento o relacionadas con la seleccion de parientes y 
dependientes del nivel de peticiôn de los polios (“begging”), la 
competiciciôn entre hermanos y el parentesco genético dentro de las 
polladas.
Palabras clave: patemidad extra-pareja, tasa de ceba, microsatélites, 




Male feeding rate and extra-pair paternity in the 
facultatively polygynous spotless starling
ABSTRACT
Male birds often face a loss of paternity in the broods they attend 
because of promiscuous behaviour by their mates. Parental investment 
theory predicts that caring for the offspring of rival males incurs costs, 
selecting against males that care for unrelated offspring. We examined 
the relationship between male parental care and paternity in the 
facultatively polygynous spotless starling, Sturnus unicolor, during 
three consecutive breeding seasons. We found no evidence that male 
spotless starlings reduce their feeding rates to their nestlings in relation 
to their loss of paternity. Unexpectedly, cuckolded males provisioned 
nestlings more than noncuckolded males in relation to the presence of 
extra-pair offspring. Although this result deserves further investigation, 
we argue that spotless starling males do not reduce their feeding rate 
when they lose paternity mostly because variance in male feeding rate 
is not very costly in a species in which polygamy is related to male 
fitness, the occurrence of extra-pair offspring is unpredictable and 
reliable cues to assess paternity are unlikely. Several hypotheses are 
presented to interpret an increase in feeding rates of cuckolded males 
over non-cuckolded males in terms of parental quality with feeding 
rates either envisaged as a form of mating effort or related to kin 
selection and depending on begging level, sibling competition and 
genetic parentage within broods.
Keywords: extra-pair paternity, feeding rate, microsatellite, paternal 
care, Sturnus unicolor.
INTRODUCTION among birds (Westneat et al.
1990; Birkhead & Moller 1992; 
Molecular paternity analyses have Griffith et al. 2002). So broods
revealed that extra-pair paternity ^{^h mixed paternity in which the
is a widespread phenomenon attending male sires only some, if
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any, of the young may be the 
norm in a high proportion of 
species (reviewed in Westneat & 
Webster 1994). How cuckolded 
males respond in terms of parental 
care when facing a loss of 
paternity in their nests has been a 
question of substantial interest 
(MacDougall- Shackleton & 
Robertson 1998). Traditional 
parental investment theory 
predicts that animals that provide 
parental care should be selected to 
avoid provisioning unrelated 
offspring (Trivers 1972). This 
topic has been explored in several 
species (reviewed in Whittingham 
& Dunn 2001) and many studies 
have found an adjustment of 
paternal care in response to 
perceived paternity (e.g. Dixon et 
a/. 1994; Weatherhead et al. 1994; 
Sheldon & Ellegren 1998; Lifjeld 
et al. 1998; Chuang-Dobbs et al. 
2001; Neff 2003). However, 
many other studies relating 
paternity (or certainty of 
paternity) to parental care have 
failed to detect such an 
adjustment (e.g. Davies 1992; 
Wagner 1992; Whittingham et a l 
1993, 2003; Westneat 1995;
Whittingham & Lifjeld 1995; 
Yezerinac et al. 1996; Wagner et 
al. 1996; Kempenaers et a/. 1998; 
MacDougall-Shackleton &
Robertson 1998; Peterson et al.
2001; Dickinson 2003; Bouwman 
et al. 2005; see also Kempenaers 
& Sheldon 1997 & references 
therein). An explanation for these 
conflicting results may be found 
in species-specific differences in 
promiscuous and parental 
behaviours and their trade-offs. 
Theoretical models describe the 
specific conditions under which 
males should adjust their parental 
effort in response to level of 
paternity (Werren et al. 1980; 
Whittingham et al. 1992; Xia 
1992; Westneat & Sherman 1993; 
Houston 1995; Kokko 1999). 
These models predict that the 
facultative adjustment of paternal 
effort in relation to male share of 
paternity may occur when ( 1) 
levels of extra-pair offspring 
(EPO) vary between breeding 
attempts of the same male in a 
predictable manner, allowing 
males with low levels of paternity 
to achieve higher reproductive 
success in other broods, (2 ) males 
have some cues that allow them to 
recognize the presence of EPO in 
their nest and (3) the benefits of 
reducing paternal care offset the 
costs (Westneat & Sherman 
1993). To understand the 
relationship between male 
parental effort and paternity, one 
must consider all of these key 
factors because the absence of any
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is likely to prevent parental
adjustment in response to reduced 
paternity (Whittingham et al. 
1992; Westneat & Sherman 
1993). We examined the 
relationship between male
parental care and paternity in the 
facultatively polygynous spotless 
starling, Sturnus unicolor. The 
spotless starling is a good subject 
to explore the relationship 
between male provisioning and 
paternity because its
characteristics allow us to test the 
different assumptions of
theoretical models for the 
adjustment of paternal care in 
relation to the level of paternity. 
First, the spotless starling is a 
double-brooded species with a 
relatively long life. This allows us 
to study the pattern of parentage 
in successive breeding attempts of 
the same pair between years and 
within breeding seasons, which is 
important in determining whether 
males will benefit or not from 
providing paternity-dependent 
care (Yezerinac et al. 1996). 
Second, certain levels of extra­
pair paternity have been reported 
for this species (16-20% of the 
nestlings were EPO; Cordero et 
al. 2003; Garcia-Vigon et al. 
2008a, b). Therefore, it is possible 
to test for the existence of cues 
allowing male spotless starlings to
recognize the presence of EPOs, 
by comparing male feeding rates 
in broods of cuckolded and non 
cuckolded males. Finally, 
facultative polygyny, philopatry 
and biparental care all occur in 
the spotless starling and may 
affect the trade-offs of male 
parental care adjustment 
according to levels of paternity. 
For example, the degree of 
polygyny may affect the extent of 
paternal care (Lack 1968) because 
male reproductive effort has to be 
allocated to parental effort or 
mating effort (Maynard Smith 
1977). In the spotless starling, the 
varying selective forces acting on 
breeding males seem to operate 
more frequently against the 
development of parental care, as 
the polygynous strategy is 
favoured under a wide array of 
ecological conditions (Veiga et al. 
2002). Westneat & Sherman 
(1993) have suggested that in 
polygynous species, the 
relationship between the 
parentage of offspring in the 
current breeding attempt and the 
parentage of offspring from 
additional matings is important 
for the adjustment of parental care 
in relation to the male’s level of 
paternity (Westneat & Sherman 
1993). In spotless starlings, the 
parentage of offspring in the
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current breeding attempt and the 
parentage of offspring from 
additional matings are similar (E. 
Garcia-Vigon, PJ. Cordero & J.P. 
Veiga, unpublished data). 
Therefore, and taking into account 
the assumptions of theoretical 
models and the behavioural 
breeding tactics of the spotless 
starling, we started from the 
contention that male spotless 
starlings should not adjust their 
feeding rates in relation to the 
level of EPO in their broods. To 
test this hypothesis, we analysed 
( 1) food provisioning rates to 
nestlings by males and females 
and (2 ) levels of paternity by 
polymorphic microsatellite
genotyping in colony of spotless 
starlings in which birds had been 
individually identified and 
monitored since 1995.
METHODS 
Species and Study Area
Male and female spotless starlings 
defend nestboxes against 
competitors and intrasexual 
competition for nest sites is heavy 
in both sexes. Egg laying extends 
from mid-April to mid-June and 
most females lay two clutches per 
breeding season. Most of the 
incubation is done by the female
(80-100% of the time). Nestlings 
are fed by both sexes, although 
secondary females paired with 
polygynous males have to do 
nearly all the work (Veiga et al. 
2002). Male contribution to 
provisioning is important in the 
early breeding period (Moreno et 
al. 1999) although female 
condition may be crucial for the 
survival of the offspring (Moreno 
et al. 2002). We descrite in the 
Data analysis section how we 
analysed feeding rate data. We 
studied spotless starlings in 1998, 
1999 and 2000 in a colony 
consisting of 40 nestboxes in a 
plot of 1.3 ha at Villalba, central 
Spain (40 300N, 4 W). The area 
is pastureland with scattered trees. 
A study of this colony has been 
underway since 1995 (Veiga et al. 
2004). Nestboxes were checked to 
determine the beginning of laying, 
clutch size and hatching date. On 
day 16 after hatching, nestlings 
were ringed with aluminium rings 
and tarsus length, wing length and 
body mass were measured. Adults 
were caught in the nestboxes with 
spring traps and they were ringed 
with an aluminium ring and a 
combination of plastic colour 
rings to allow individual 
identification. The capture of 
males and females did not affect 
either their mating status or their
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current nestbox occupation. Blood 
samples were taken from the 
jugular vein of all adults and 4-6 
day-old nestlings, kept in absolute 
ethanol and stored at -40 until 
they were used for DNA analysis.
Parentage Assignment
The identity of social females was 
determined by capturing them 
when they fed nestlings or from 
their colour rings. The identity of 
social males was determined by 
conducting observations of song 
and territorial activity of colour- 
ringed individuals during 
prelaying and by videotape 
recordings at each nest during 
incubation and nestling care 
(Moreno et al. 1999; Veiga et al. 
2002). In 1996 and 1997, we 
validated this criterion by 
verifying that the presumed 
owners were the genetic fathers of 
at least some offspring in their 
nest using DNA fingerprinting 
(Cordero et al. 2003). To establish 
the true genetic relationships in 
the years included in this study, 
we carried out microsatellite 
genotyping on families whose 
social parentage had been 
determined. To extract and purify 
genomic DNA from the blood 
samples we used NucleoSpin 
Tissue Kit (Macherey-Nagel,
Duren, Germany). We determined 
the genetic parentage for 34 social 
males, 41 breeding females and 
327 nestlings from 92 broods 
using the following primers: Pca- 
7 from blue tit, Cyanistes 
caeruleus (Dawson et al. 2000), 
Ase-18 from Seychelles warbler, 
Acrocephalus sechellensis
(Richardson et al. 2000) and 
SS2.32, SSI.6 , SSI.106, SS2.106 
from superb starling, 
Lamprotornis superbus
(Rubenstein 2005). These 
microsatellites were polymorphic 
for spotless starling with an 
average of eight alleles per locus 
(range 4-12) and had a combined 
exclusion probability of 0.973. 
Their suitability for paternity 
analyses has been validated in two 
previous studies (Garcia-Vigon et 
al. 2008a, b). We assessed genetic 
parentage by comparing nestling 
genotypes first to those of the 
attending female and then to those 
of the territorial male at six loci. 
We considered that nestlings were 
within-pair offspring (WPO) if 
their alleles matched (i.e. if they 
possessed alleles of the size of 
each parent and segregation was 
compatible with Mendelian 
inheritance) the social parent 
alleles in all six loci or had at the 
most one mismatched allele, 
assuming that this mismatch
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could have originated through 
mutation or typing error. We 
considered that nestlings were 
EPO if their alleles mismatched 
with those of the social male at 
two or more loci (Garcia-Vigon et 
al. 2008a, b). Only these cases 
involving the offspring and their 
putative parents were genotyped 
again to confirm the results 
(Garcia-Vigon et al. 2008a, b). 
When we removed the locus with 
more typing errors the combined 
exclusion probability was still 
high (0.941). We found that 9.5% 
(31/327) of nestlings were EPO 
and 27.2% (25/92) of broods 
contained at least one EPO. The 
rest of the nestlings were WPO. 
Of these, 306 matched in all 
alleles whereas 21 nestlings 
presented a single mismatch 
attributed to typing errors or 
mutations combined. We did not 
find any case of intraspecific nest 
parasitism (neither social male 
nor female matched) or 
pseudoparasitism (nestlings that 
mismatched the social female 
allele at two or more loci but 
matched the social male) in the 
analysed sample.
Measuring Paternal Care
To estimate paternal care we used 
the number of male feeding
trips/h (male feeding rate; Allen 
& Islam 2004). We used male 
feeding rate of nestlings instead of 
other measures of male parental 
care because is easily quantifiable 
and is the variable used in most 
analyses of the association
between extra-pair paternity and 
paternal care in birds. 
Furthermore, comparative
analyses of the association
between extra-pair paternity and 
paternal care in birds have
revealed a strong relationship for 
male feeding of offspring but 
nonsignificant relationships for 
other components of male 
parental care (Moller & Cuervo 
2000). Feeding rate at each nest 
was measured in 1998, 1999 and 
2 0 0 0  by means of two video 
camera sessions, each lasting 2  h, 
when nestlings were A-5 and 10-  
12 days old respectively. The 
average rates for these two 
periods were used in our analyses 
(see Moreno et al. 1999 for more 
details of the rationale). Cameras 
were placed 3-6 m from of the 
entrance of the nestboxes and 
observations were made at 0800- 
1000  hours and 1600-1800 hours 
allowing parental identification by 





To analyse data we used 
ANCOVA models (general linear 
models, SPSS Inc, Chicago, IL, 
U.S.A.). We calculated 
repeatability (Lessells & Boag 
1987) of paternity and feeding 
rate of the same male in different 
broods as an indirect way to 
establish the degree of 
nonindependence of data when 
the same pair was included 
several times in the analyses. 
Repeatability of percentage of 
EPO in the brood was not 
significant (R ± SE = 0.087 ± 
0.116, no=3A74, F25,57= 1.302, P  
= 0.203) but repeatability of male 
feeding rate was significant (R ± 
SE = 0.233 ± 0.134, no -  2.925, 
^ 25,48 = 1.888, P = 0.026), so we 
used different methods to avoid 
pseudoreplication. First, we 
performed an initial exploratory 
analysis in which we included all 
data collected across the 3 years. 
We used male feeding rate as the 
dependent variable and the 
presence or absence of EPO in the 
brood as a fixed factor. 
Furthermore, to control for 
differences in brood size and 
therefore for differences in brood 
demands, we included the number 
of nestlings fed in the brood 
(brood size) as a covariate, after
having checked for the linearity of 
the male feeding trips/brood size 
relationship with a linear 
regression (r = 0.267, F = 6.233, 
P = 0.015).We also controlled for 
the possible effect female feeding 
rate may have on male feeding 
rate. We included other variables 
that were known or suspected to 
affect male parental behaviour 
such as (1) age of the male 
estimated as the number of years 
that a male had bred in the colony 
before the study year, (2 ) male 
mating status (i.e. whether he was 
monogamous or polygamous), (3) 
female mating status (i.e. whether 
she was primary or secondary) 
and (4) clutch order (i.e. whether 
it was the first or second clutch in 
the season). Finally, we included 
the variable year (1998, 1999 and 
2 0 0 0 ) as a fixed factor because 
the year could introduce variation 
in environmental conditions such 
as food abundance for breeding 
spotless starlings that in turn 
could contribute to differences in 
parental feeding rates. Taking 
year as either a fixed or a random 
factor did not make any 
significant difference to the 
outcome of our analyses (results 
not shown). We selected a main 
effects model in which we also 
included the interaction between 
clutch order and female status
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after having verified that the other 
interactions were clearly not 
significant (all P > 0.200). Since 
male feeding rate had a significant 
repeatability, we used a bootstrap 
procedure to avoid
pseudoreplication. We ran an 
identical ANCOVA model 200 
times, each time randomly 
selecting, with replacement, one 
value for each male and 
calculated average F  statistics 
across the replicates (Yezerinac et 
al. 1996). To check whether the 
obtained F  statistics were 
significant or not, we used the 
probability calculator of the 
statistical package
STASTISTICA 6.0 (StatSoft Inc., 
Tulsa, OK, U.S.A.). Presence of 
EPO and the interaction between 
clutch order and female status 
were close to significance (F139 = 
3.087, P = 0.087 and F 139 = 
3.340, P  = 0.075, respectively). 
The other variables included in 
the model were not significant (all 
P > 0.100). The effect of the 
interaction between clutch order 
and female status could be 
masking a possible effect of the 
presence of EPO in the brood on 
male feeding rate. In fact, some 
studies have already shown that 
polygamous males do not feed at 
the secondary nest but feed at the 
primary nest at the same rate as
monogamous males (Arenas 
2000; Veiga et al. 2002; Smith et 
al.1995). These tendencies were 
also confirmed in our study. 
Using repeated measure 
ANCOVAs with male feeding 
rate as the dependent variable and 
brood size as covariate, we found 
a significant reduction in male 
feeding rates between the first 
(Mean ± SE = 2.21 ± 1.78 feeding 
trips/h, range 0-6.33) and second 
clutches (0.98 ± 1.17 feeding 
trips/h, range 0-^.33; Fijg = 
6.429, P = 0.021). Considering 
first clutches only, there was a 
significant difference between the 
average feeding rate of 
monogamous males (2.59 ± 1.83 
feeding trips/h, range 0-6.33) and 
polygamous males for all their 
nests (1.32 ± 1.79 feeding trips/h, 
range 0-5; = 4.317, P =
0.045). Nevertheless, no 
difference was found in feeding 
rates between monogamous and 
polygamous males in their 
primary nests (F133 = 0.845, P = 
0.365). Taking into account the 
differences obtained above in 
relation to male feeding rate, we 
excluded second clutches and 
secondary nests of polygamous 
males from our final analyses 
relating paternity and parental 
care, except for reporting the 
variation in male feeding rate
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between broods of the same pair 
and breeding season. We
performed our ANCOVA 
analyses by pooling all years 
together and using the same 
protocol as in the exploratory 
analysis but with some
modifications to compare male 
feeding rate between broods of 
cuckolded and non cuckolded 
males. Based on previous
analyses, we excluded clutch 
order, female status and their 
interaction.
To test the possible effect of the 
percentage of EPO in the brood 
on male feeding rate we followed 
the same protocol as before but 
we excluded the variable presence 
or absence of EPO in the brood 
from the analyses and included 
the percentage of EPO as 
covariate. We also analysed the 
pattern of parentage in successive 
breeding attempts because, 
according to theoretical models, it 
is also important in determining 
whether males will benefit or not 
from providing paternity- 
dependent care (Yezerinac et al.
1996). Therefore, we measured 
individual male parentage in 
multiple nesting attempts with the 
same female between different 
breeding seasons and in a single 
breeding season to test whether
differences in male feeding rates 
within or between seasons were 
associated with differences in 
parentage. We used partial 
correlation coefficients of the 
SPSS 11.5 statistical package 
(SPSS Inc., Chicago, IL, U.S.A.) 
controlling for brood size.
Ethical Note
We bled nestlings at about 1 week 
of age when they weighed 50 g or 
more, obtaining 50 pi of blood 
from the jugular vein. We noted 
no adverse effects, and their 
development was the same as in a 
control plot in which no blood 
was sampled. If the youngest 
nestling was lighter than 50 g, we 
postponed sampling to a later 
visit. Adults sang and defended 
territories a few minutes after 
being bled (1 0 0  pi also from the 
jugular vein) and we never 
observed nest desertion or 
reduction in food provisioning or 
incubation bouts afterwards. The 
birds never showed any visible 
reaction to the video cameras and 
they seemed not to be affected by 
their presence. Spotless starlings 
are accustomed to human 
presence, as they normally breed 
in buildings, and the study colony 
has been monitored since 1995 
with a high nestbox occupation
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and good breeding success yearly. 
The nest manipulation, ringing, 
bleeding and video recording 
were undertaken under licence 
from the Spanish Ministry of the 
Environment (General Directorate 
for Nature Conservation) and the 
Regional Government of Madrid.
RESULTS
After controlling for other 
influential variables and using 
ANCOVA models, we obtained a 
significant relationship between 
presence-absence of EPO in the 
nest and male feeding rate in 
41.5% (83/200) of the analyses 
performed following the 
bootstrapping procedure, but 
rather than reducing their feeding 
rate in relation to the presence of 
EPO in their nest males increased 
it (Fi,22 = 4.471, P = 0.046). In 
other words, feeding rate was 
higher in cuckolded {Mean ± SD 
= 3,30 ± 1.88 feeding trips/h, 
range 0-6.50) than in non 
cuckolded males (2.02 ± 1.63, 
range 0-5.25; F i,36 = 4.534, P = 
0.040; Fig.l). Other variables 
included in the model (brood size, 
year, male status, male age and 
female feeding rate) were not 
significant for male feeding rate 
to nestlings. Brood size was 
significant 14 times (0.070%;
F i ,22 = 1.396, P = 0.250), year 
three times (0.015%; F222 = 
0.685, P = 0.514), male status 10 
times (0.050%; Fi,22 = 1.365, P = 
0.255), male age 14 times 
(0.070%; Fi,22 = 1.361, F  = 0.256) 
and female feeding rate never 
(0%; Fi,22 = 0.335, P = 0.569). 
The analysis of male feeding rates 
in relation to the percentage of 
EPO showed similar tendencies. 
Males with EPO in their broods 
had relatively higher feeding rates 
than males with no or few EPO in 
their brood but in this case, results 
were marginally nonsignificant 
(Fi,22 = 4.094, P = 0.055). Other 
variables in the model had no 
significant effect on male feeding 
rate (all P > 0.050). Furthermore, 
the percentage of EPO was 





Figure 1. Feeding rates (feeding trips/h; 
Mean ± 1 SE) of male spotless starlings
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in relation to the presence of extra-pair 
offspring (EPOs) in their broods. The 
number of sampled broods is given 
above the points.
A higher feeding rate of 
cuckolded males could be the 
compensating consequence of a 
reduced female feeding rate. To 
analyse this, we followed the 
same procedure as before, 
performing an ANCOVA analysis 
and a bootstrap procedure but 
using the female feeding rate 
instead of the male feeding rate. 
Female feeding effort was not 
associated with brood size (F;,2o = 
0.333, P = 0.570) and more 
promiscuous females did not feed 
broods differentially in relation to 
paternity (Fi,2o = 0.659, P  = 
0.427). We did not find any 
relationship between male feeding 
rate and paternity when we 
considered the successive 
breeding attempts of a male 
within a season. The share of 
paternity of the social father 
between two successive broods 
within a breeding season varied in 
seven (46.7%) of 15 pairs, but the 
direction of change between 
broods was not predictable. Social 
male paternity increased in three 
cases, decreased in four cases, and 
did not change in eight cases. In 
these pairs, after we controlled for 
differences in brood size,
differences in male feeding rates 
between broods were not 
associated with differences in 
parentage {rs = 0.001, V = 15, F  = 
0.998; Fig. 2).
-40 -2 0  0  2 0 40
Change «1 percentage of EPO
Figure 2. Paired changes in both feeding 
rate ( ‘male feeding rate in first clutch’ 
minus ‘male feeding rate in second 
clutch’) and paternity (‘percentage of 
EPO in first clutch’ minus ‘percentage of 
EPO in second clutch’) between broods 
within a breeding season.
For three of eight pairs with data 
for more than one breeding season 
the percentage of EPO in their 
broods varied between years. 
Differences in parentage between 
years did not imply differences in 
male feeding rates for any of 
these pairs (rs = 0.014; N= S, P ^  
0.794).
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DISCUSSION
As expected, we did not find any 
evidence of a reduction in male 
feeding rate in relation to levels of 
EPO in broods but, surprisingly, 
cuckolded males provisioned 
nestlings more than non 
cuckolded males, a result rarely 
found in the literature (but see 
Hoi-Leitner et al. 1999). Within 
pairs, differences in male feeding 
rates for broods within and 
between seasons were not 
associated with differences in 
male paternity but we cannot 
discard here an effect of the small 
sample sizes analysed. The 
relationship between paternity and 
paternal care may be 
extraordinarily complex
(Whittingham et al. 1992; 
Westneat & Sherman 1993; Rios- 
Cardenas & Webster 2005) and it 
may depend on different factors 
that obscure correlational analyses 
(Kempenaers & Sheldon 1997). 
We can interpret our results from 
different perspectives and 
hypotheses. Simply and as 
predicted, the spotless starling is a 
species that apparently does not 
meet some of the conditions of 
theoretical models for parental 
care/patemity adjustment
(Whittingham et al. 1992; 
Westneat & Sherman 1993). First,
we found that levels of EPO did 
not vary between breeding 
attempts or with the age of the 
male in a predictable manner, 
contrary to studies of some other 
bird species (e.g. Morton et al. 
1990; Wagner et al. 1996; Moller 
& Ninni 1998). Second, little 
empirical evidence is available for 
social males discriminating
between sired and unrelated
offspring within a brood. 
Furthermore, we also find it 
unlikely that male spotless
starlings could judge their share 
of paternity using associative cues 
(Westneat et al. 1995). Some such 
cues could be related to social 
female behaviour during the 
breeding period such as frequency 
of extra-pair copulations (EPCs; 
Moller 1988; Ewen & Armstrong 
2 0 0 0 ), female periods of absence 
during egg laying (Sheldon et al.
1997) or mate-guarding efficiency 
(Davies & Hatch well 1992; 
Whittingham & Dunn 1998). In 
the spotless starling, however, 
despite the rate of EPO found 
(Cordero et al. 2003; Garcia- 
Vigon et al. 2008a, b), female 
EPCs must be a surreptitious 
behaviour. In fact, it has been 
rarely detected (Deceunink et al. 
1997; J.P. Veiga & V. Polo, 
unpublished data). Furthermore, 
mate guarding seems to be far
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from efficient in this species 
(Deceunink et al. 1997) and it 
seems unlikely that males could 
use mate guarding as a cue for 
estimating paternity. A third 
condition of theoretical models 
for parental care/patemity 
adjustment states that benefits 
should offset the costs of reducing 
paternal care. The benefits for 
males reducing their feeding rate 
in relation to levels of EPO in the 
brood are strongly dependent on 
the mating system. In the case of 
polygynous bird species, in which 
extensive paternal care is less 
common than in monogamous 
species (Silver et al. 1985; Veiga 
et al. 2 0 0 2 ), these benefits may 
consist of increasing the 
opportunities to engage in other 
activities that may increase fitness 
(Glutton- Brock 1991). In this 
case, we found no differences in 
feeding rates between 
monogamous and polygynous 
males when paired with primary 
females indicating that a 
reduction in parental care at the 
primary nest is not necessary for 
the acquisition of additional 
mates. Furthermore, Moreno et al. 
(1999) showed that the intensity 
of paternal care positively 
affected reproductive
performance per breeding 
attempt, although this pattern was
not consistent when they 
considered all nestlings raised by 
a male during the breeding 
season. This suggests that there is 
not a severe cost in terms of 
reduced survival of young when 
males reduce their paternal care as 
females can compensate for this 
cost. Furthermore, and contrary to 
all our expectation for a lack of 
relationship between parental care 
and levels of EPO, cuckolded 
males fed nestlings more than non 
cuckolded ones. We can link this 
result to various hypotheses. 
According to Hoi-Leitner et al. 
(1999), the high feeding rate of 
cuckolded males could be 
associated with high territory 
quality (food abundance) or 
female quality. These authors 
showed that, in high-quality
territories, males had a lower 
feeding rate, probably because 
high abundance of food might 
facilitate more efficient food 
exploitation. Furthermore, in the 
fi-amework of the constrained
female hypothesis (Gowaty 
1996), females in good 
environments or high-quality
females are able to resist males, 
efforts to control mating better 
than females in poor 
environments or low-quality
females, and, therefore, they have 
fewer EPO nestlings in their nest.
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This could explain the pattern we 
and found could indicate that, 
contrary to previous studies, 
females could be the sex that 
controls EPCs in this species. 
Another possible interpretation of 
our findings could also be related 
to female and or male quality. If 
females compete to mate with the 
most attractive males, those 
females in poorer condition 
should be more likely to pair with 
unattractive males. These females 
could also be worse feeders and 
more likely to engage in EPCs 
with other males. Their male 
mates, in turn, would provision 
nestlings more in an attempt to 
compensate for being less 
attractive and for their mate’s 
negligence, leading to a positive 
relationship between levels of 
EPOs and paternal care 
(Kempenaers & Sheldon 1997). 
However, this hypothesis, at least 
in respect to females, is unlikely 
to explain our findings as we 
found no differences in maternal 
provisioning between
promiscuous and non 
promiscuous females.
Alternatively, an increase in male 
parental care could be favoured if 
it acted to secure a mate for the 
next breeding season (Moller & 
Thornhill 1998; Seki et a l 2007). 
This may occur more often in
relatively long-lived species with 
breeding site fidelity (Wagner
1992), characteristics that are also 
inherent to the spotless starling. In 
this case, provisioning by females 
does not need to be lower in 
broods of cuckolded males 
compared to broods of non 
cuckolded males, as occurred in 
our study, and the increase in 
male feeding rates does not 
compensate for the female’s 
deficiencies in provisioning 
offspring but it should ensure that 
she pairs with him for future 
breeding attempts. This is because 
parental effort can have social 
consequences in the following 
years, as males with lower rates of 
provisioning may have a higher 
rate of divorce, and be less 
successful in obtaining future 
mates (also Wagner 1992; 
Dickinson 2003). An alternative 
hypothesis for our result is 
suggested from the offspring 
perspective. According to kin 
selection theory (Hamilton 1964), 
competition among nestlings 
increases if relatedness within 
broodmates is low. In birds, this 
has been corroborated by three 
studies on begging behaviour 
(Briskie et al. 1994; Boncoraglio 
& Saino 2008; Boncoraglio et al. 
2009). In particular, the study on 
bam swallows, Hirundo rustica.
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showed that partially cross- 
fostered broods (i.e. the brood 
with lower relatedness among 
broodmates) begged more than 
natural, noncross-fostered broods, 
but the nestlings’ morphological 
traits did not differ between the 
two groups. Begging behaviour 
includes visual and vocal 
signalling which increases in 
intensity according to hunger 
(Johnstone & Godfray 2002). If 
begging is costly in terms of, for 
example, energy requirements or 
other costs (e.g. McCarty 1996), a 
higher rate of begging in cross- 
fostered broods should be 
possible only if it increases
provisioning by the attending
parents. Here we found an
increase in male feeding rate in 
the broods containing EPO, but 
we could not find the same 
tendency for female feeding rates. 
Nevertheless, this result was 
expected since feeding rate
variance in females is much lower 
than in males. Females are more 
certain of their nestlings’
parentage and are more willing to
invest in them (Clutton-Brock 
1991; Westneat & Sherman
1993). Although there is a study 
on begging behaviour in spotless 
starlings (Bulmer et al. 2008), this 
unfortunately does not deal with 
extra-pair paternity. Therefore,
these results open a new and 
interesting line of research in 
which more information is badly 
needed. A higher feeding rate in 
cuckolded males than 
noncuckolded males was an 
unexpected result that deserves 
further investigation before 
generalization. Although the 
study included three breeding 
seasons in a large spotless starling 
colony, our level of significance 
and sample size were not very 
high. In any case, and because of 
the trend found, we are almost 
confident that males of 
facultatively polygynous species, 
such as the spotless starling, do 
not reduce their feeding rate when 
they lose paternity in the nest. 
This is probably because the 
search for extra-pair matings in 
males is of little relevance to 
individual fitness compared to a 
polygynous tactic of reproduction 
in a species in which EPO 
occurrence is unpredictable 
between breeding attempts or 
ages of the same male and reliable 
cues to assess paternity are 
unlikely.
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CAPITULO 4
Correlatos morfolôgicos y de edad del éxito de 
fertiiizacion intra-pareja y promiscuo en el
estornino negro




Tradicionalmente se han analizado las caracteristicas fenotipicas y 
genéticas de los individuos reproductores con el fin de comprender la 
evoluciôn y los mécanismes implicados en el éxito de las 
fertilizaciones intra y extra-pareja. Mientras que la mayor atenciôn se 
ha puesto en las caracteristicas de los machos, hay muy poca 
informaciôn acerca del papel que el fenotipo de la hembra tiene sobre 
las tâcticas de emparejamiento y fertilizaciôn extra-pareja. Mediante 
anâlisis de parentesco usando marcadores microsatélite, nosotros 
testâmes la importancia relativa que tienen los atributos fenotipicos 
(incluyendo la edad) de los machos territoriales y de las hembras de 
estomino negro sobre los patrones individuales del éxito de 
fertilizaciôn tante intra-pareja como promiscuo. Mostramos que la 
longitud de las plumas del pecho es un correlate consistente de la edad 
tante en machos como en hembras. Tante la longitud de las plumas del 
pecho como el tamano corporal de los machos estuvieron de manera 
independiente (ortogonal) y positiva asociados con el numéro de 
parejas sociales que estes atraian a sus nidos y por tante con su éxito 
reproductor general, ya que los machos emparejados con mas hembras 
simultâneamente no perdieron particularmente mas patemidad que el 
reste. Ni la pérdida de patemidad del macho dentro de su propio nido, 
ni la ganancia de patemidad del macho en nidos ajenos, estuvo 
asociada con las caracteristicas del macho pero si con las caracteristicas 
de su pareja social. Los machos emparejados con hembras mas maduras 
y con las plumas del pecho mas largas perdieron menos patemidad en 
sus nidos y ganaron mas patemidad en nidos ajenos que los machos 
emparejados con hembras mas jôvenes y con las plumas del pecho mas 
cortas. Las explicaciones de este patron de apareamiento son 
dependientes del control que cada sexo tiene sobre la fertilizaciôn.
Palabras clave: edad, tamano corporal, patemidad extra-pareja, 




Morphometric and age correlates of promiscuous and 
pair fertilization success in the spotless starling
ABSTRACT
Phenotypic and genetic characteristics of mating individuals have been 
traditionally analysed in order to understand the evolution and 
mechanisms involved in intra and extra-pair fertilization success. 
Whereas most attention has been paid on male characteristics, there is 
very little information about the role of female phenotype on extra-pair 
mating tactics and extra-pair fertilization. Using microsatellite 
parentage assignment analyses, we test the relative importance that 
phenotypic attributes (including age) of territorial male and female 
spotless starlings have on patterns of individual promiscuous and pair 
fertilization success. We show that length of throat feathers is a 
consistent correlate of age in both males and females. Length of throat 
feathers and body size of males were independent (orthogonal) and 
positively associated with the number of social mates they attracted to 
their nests and thus with their overall breeding success, as more 
polygamous males were not particularly cuckolded. Neither paternity 
losses within own nests nor male paternity gains in alien nests were 
associated with male characteristics but both paternity loss within own 
nest and paternity gain in alien nest were associated with characteristics 
of the female partner. Males mated to older females with longer throat 
feathers were less cuckolded and obtained more extra pair fertilizations 
in alien nests than males mated to younger females with shorter 
ornaments. Explanations of this mating pattern are contingent on the 
control that each sex has on fertilization.
Keywords: age, body size, extra-pair paternity, microsatellites, 
ornaments, Sturnus unicolor
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INTRODUCTION
Since molecular techniques have 
became an accessible tool for 
ecologists, many studies have 
been addressed to investigate the 
phenotypic correlates of males 
that are cuckolded and of those 
that gain additional paternity by 
fertilizing females other than their 
social partners. It is now clear that 
male characteristics may predict 
patterns of extra-pair paternity in 
birds although the morphological 
or behavioural correlates of extra­
pair fertilization success vary 
consideiably among species 
(Gowaty and Bridges 1991; 
Weatherhead & Boag 1995; 
Hasselquist et aL 1996; Sundberg 
& Dixon 1996; Kempenaers et al. 
1997; Otter et al. 1998; Dunn & 
Cockbum 1999; Forstmeier et al. 
2002).
A factor that is pervasively 
present in the theory about extra­
pair fertilization is male quality. 
Many authors have championed 
the idea that selection favours 
females seeking for good genes so 
that females mated with poor or 
average males would enhance 
their fitness by getting additional 
matings with better males (Trivers 
1972; Zahavi 1975; Moller 1988; 
Hamilton 1990; Westneat et al.
1990). However, it is crucial that 
females developing this strategy 
are able to “detect” such good
genes using one or several
unequivocal cues that are
consistently present on their
bearers. Age is a potential 
indicator of overall genetic 
quality as older individuals have 
demonstrated their ability to cope 
with the variety of factors that 
compromise survival (Trivers 
1972; Halliday 1983; Manning 
1985; Kokko 1998). Age is 
however difficult to evaluate by 
other individuals unless there are 
morphological traits that covary 
with it. In birds, some distinctive 
structures and colourations, or the 
degree of development of 
specialised feathers have been 
shown to be age dependent rather 
than condition dependent, 
suggesting that they may work as 
honest indicators of age 
(Sundberg & Larson 1994; 
Komdeur et al. 2005; Nicolaus et 
al. 2007). Also, a number of 
studies have found positive 
correlation between male age and 
fertilization success (Weatherhead 
& Boag 1995; Sundberg & Dixon 
1996; Kempenaers et al. 1997; 
Richardson & Burke 1999; 




Nevertheless, ornaments of many 
different kinds are the traits that 
have been frequently viewed as 
clear evidences of the individual 
quality because the costs of their 
production and/or maintenance 
guarantee that their degree of 
development is unambiguously 
associated with some aspect of 
their owner’s quality (Andersson 
1994). Many empirical studies 
have succeeded in finding such 
correlations (e.g., Veiga & Puerta 
1996; Sheldon et al. 1997; Keyser 
& Hill 2000; Siefferman & Hill 
2003; Van Dongen & Mulder 
2007; Bitton et al. 2008) and 
others have demonstrated that 
ornament development in males is 
a good predictor of intra or extra­
pair fertilization success
(Sundberg & Dixon 1996; 
Yezerinac & Weatherhead 1997; 
Moller et al. 1998; Johnsen et al. 
2001 ; Bitton et al. 2007).
In contrast with this depicted 
scenario, it is surprising that there 
is practically no information 
about the role that the female 
phenotype has in extra-pair
mating tactics and extra-pair
fertilization (but see Wagner et al. 
1996; Bowman & Komdeur
2005). This is even odder as both 
field and laboratory studies have 
demonstrated that whether an egg
is fertilized by the sperm of the 
social male or by that of an extra­
pair male is commonly under the 
female control (LiQeld & 
Robertson 1992; Birkhead & 
Moller 1993). If mating is costly, 
it is not trivial to argue that 
females may develop condition 
dependent mating tactics in order 
to optimise their cost-benefits 
balance. Females of many species 
show traits that should be defined 
as ornaments, although most often 
these are less developed than 
those of males (e.g. plumage 
coloration in many birds: Johnson 
1988; Muma & Weatherhead 
1989; Stutchbury 1994). Such
morphological traits may merely 
represent genetic correlates of 
male structures that have no 
functional value in females, as it 
has been stated for the genetic 
correlation hypothesis (Lande 
1980; Lande & Arnold 1985; Hill 
1993; Cuervo et al. 1996).
However, female ornaments may 
be also the result of selection for 
their expression (Darwin 1981) 
and they can work as indicators of 
age or condition in the same way 
that they do in males. In fact, 
there are many recent studies in 
birds, both experiments and
reviews, which show a 
relationship between the female 
phenotype and their quality (e.g.
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Jones & Hunter 1993; Amundsen 
et a/. 1997; Amundsen 2000;
Romero-Pujante et al. 2002;
Jawor et al. 2004; Kraaijeveld et 
al. 2004; Griggio et al. 2005; 
Cornwallis & Birkhead 2007;
Kraaijeveld et al. 2007; Morales 
et al. 2007). Thus, we suggest that 
a significant part of the variance 
observed in the patterns of intra 
and extra-pair paternity in birds 
may be caused by female 
strategies that are contingent on 
phenotype.
The spotless starling (Sturnus 
unicolor) is a facultatively 
polygynous passerine in which
the proportion of nestlings 
originated from extra-pair 
fertilizations is comparatively 
high (about 15% of the offspring 
is extra-pair offspring (EPO) 
(Cordero et al. 2003; Garcia- 
Vigon et al. 2008b)). We have 
previously shown that several 
male attributes can explain part of 
the variance in intra-pair 
fertilization success of the 
territorial males in this species 
(Cordero et al. 2003). However, 
we have also demonstrated that 
the experimental manipulation of 
female testosterone levels had a 
significant effect on the 
proportion of EPO found in 
broods showing that elevated
levels of testosterone reduce the 
percentage of EPO in the brood 
(Garcia-Vigon et al. 2008a). This 
same contribution also showed 
that female age was negatively 
associated with the proportion of 
EPO in their broods. Therefore, in 
this paper we are interested in the 
relative importance that the 
phenotypic attributes (including 
age) of both male and female 
spotless starlings may have on 
patterns of extra-pair paternity.
METHODS 
Field procedures
We studied a colony at Collado 
Villalba (Madrid, Spain) 
comprising a plot of 40 nestboxes 
of 1.3 ha. The area is a 
pastureland with trees. A study of 
this colony has been underway 
since 1995. The spotless starling 
is a midsized, facultatively 
polygynous passerine. Depending 
on the year, 25%-45% of males 
that acquire a breeding territory 
mate with two or more females in 
our population, the remaining 
males acquire a single mate 
(Veiga et al. 2001, 2002). The 
laying season extends from mid- 
April to mid-June and most 
females lay two clutches per 
breeding season. (Mean = 4.9
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eggs per clutch). Both male and 
females defend nests against 
competitors and intrasexual 
competition for nest sites is heavy 
in both sexes.
This study includes information 
gathered in 1998, 1999, 2000 and 
2001. A proportion of breeders 
had already been marked in 
previous years and was 
individually recognized.
Unmarked males were in most 
instances captured before egg 
laying using automatic nest traps, 
but some of them could only be 
trapped when they fed young. To 
identify the social male that 
controlled a nestbox we observed 
nestboxes during prelaying stages 
or, if a male fed nestlings, we 
trapped him or identified his rings 
on nestbox video recordings. The 
identity of social females 
breeding at each nestbox was 
determined in most cases by 
capturing them when they had 
nestlings 4-6 days old. Standard 
morphometric measurements 
(body mass, tarsus length, bill 
length, bill height, wing length 
and length of the outermost wing 
primary) and a blood sample were 
taken from captured individuals. 
We ringed all adults that were not 
yet marked with an aluminium 
ring and a combination of plastic
colour rings to allow individual 
identification. Nestlings were 
ringed with aluminium rings 
when they were 5-6 days old and 
then bled. Blood was kept in the 
field in absolute ethanol and then 
stored at -40°C, until we used it to 
extract DNA.
In the spotless starling both sexes 
possess elongated throat feathers 
that are displayed during 
courtship and territorial 
exhibitions. The sexual 
dimorphism of this character is 
even higher than in the closely 
related European starling in which 
it is believe to be involved in 
sexual selection (Cuthill et al.
1999). Thus, we agree with 
authors that have suggested that 
throat feathers of starlings 
represent an ornamental trait 
(Aparicio et al. 2001; Komdeur et 
al. 2005). The mean length of 
three throat feathers pulled at 
random and measured with a 
digital calliper is designated in 
this study as Ornament length.
Breeding experience was 
measured as the number of years 
in which an individual bred in the 
study colony. We assumed that 
breeding individuals, which were 
not marked when they were 
trapped, had not previously bred
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and assigned them a zero value 
for this variable. This variable is 
closely related to age in females 
as 85% of the females of known 
age bred the year after their birth. 
The correlation is slightly smaller 
in males because males breed the 
second year or later after their 
birth (Cordero et al. 2001; V. 
Polo and J.P. Veiga unpubl. data). 
For simplicity, we refer to this 
variable as Age. As the 
monitoring of the studied 
population started in 1995, the 
variability of the age of focal 
males was considerable, with 
individuals breeding by first time 
in 2001 and other ones having a 
four years experience in 1998 
when this study started.
Genetic Analyses
To estimate total male 
reproductive success we carried 
out microsatellite genotyping on 
families whose social parentage 
have been preliminarily 
determined by continuous 
observation of individually ringed 
birds in the colony. (For more 
details about the genotyping 
method see Garcia-Vigon et al 
2008a), We determined the true 
genetic relationships of 404 
nestlings of 48 breeding females 
and 36 putative social males.
To extract and purify genomic 
DNA from the blood samples, we 
used NucleoSpin ® Tissue Kit 
(Macherey-N agel, Duren,
Germany). To determine 
parentage we used the following 
cross-amplifying microsatellite 
primers: Pca-7 (Dawson et al. 
2000), Ase-18 (Richardson et al.
2000), and SS2.32, SSI.6, 
SSI. 106, SS.2.106 (Rubenstein 
2005). These microsatellites were 
polymorphic for spotless starling 
with an average of 8 alleles per 
locus (range: 4-12) and had a 
combined exclusion probability of 
0.973 (Garcia-Vigon et a l 
2008a). Their suitability for 
paternity analyses has been 
validated in previous studies (e.g. 
Garcia-Vigon et al. 2008a, b, 
2009).
We assessed the genetic parentage 
and therefore the loss of paternity 
of territorial males by comparing 
nestling genotypes to those of the 
attending female and then to the 
territorial male at six loci. We 
considered that nestlings were 
within-pair offspring (WPO) if 
their alleles matched (i.e. they 
possessed alleles of the size of 
each parent and segregation was 
compatible with Mendelian 
inheritance) the social parents 
alleles in all six loci or had at the
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most one mismatched allele, 
assuming that this mismatch 
could be originated through 
mutation or typing error. We 
considered that nestlings were 
EPO if their alleles mismatched 
with those of the social male at 
two or more loci (Garcia-Vigon et 
al. 2008a). We consider that 
nestlings were intraspecific-nest
parasite offspring when their
alleles mismatches with both their 
social male and social female 
after discarding samples
assignment errors. We consider 
that nestlings were pseudoparasite 
offspring if their alleles 
mismatches with those of their 
social female but matched those 
of their social male. Only these 
cases with two or more
mismatches, involving the
offspring and their putative 
parents, were genotyped again to 
confirm the obtained results
(Garcia-Vigon et al. 2008 a, b). 
When we removed the locus with 
more typing errors the combined 
exclusion probability still was 
very high (0.941). We found that 
10.4% (42/404) of studied
nestlings were EPO and 30.7%
(35/114) of studied broods
contained at least one EPO. We 
also found 3 parasite nestlings and 
3 pseudoparasite nestlings. The 
rest of nestlings (356) were WPO.
Of these, 0.09% presented a 
single mismatch attributed to 
typing errors or mutations 
combined.
We determined male extra-pair 
gains of paternity in alien nests by 
using CERVUS, version 2.0 
(Marshall et al. 1998) a 
likelihood-based computer
program to assign the most 
probable genetic paternity of an 
EPO nestling among a set of 
different putative males.
We run the program with one 
simulation for each study year. 
Simulation parameters for 1998 
were 95.4% of loci typed and 33 
candidate parents of which 82% 
were sampled. Simulation 
parameters were 99.2% of loci 
typed and 44 candidate parents of 
which 86% were sampled for 
1999; 98.9 % of loci typed and 39 
candidate parents of which 87% 
were sampled for 2000, and 
99.4% of loci typed and 34 
candidate parents of which 71% 
were sampled for 2001. We run 
all simulations for 10000 cycles 
assuming an error rate of 1%, the 
default value in CERVUS. We 
estimated the number of candidate 
parents increasing the field data 
(number of territorial and 
observed floating males in the
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colony) by approximately 20% to 
account for parentage by not 
sampled individuals (Berg 2005).
Data analyses
Our general design consisted of 
testing the effect that age and 
morphometric variables of males 
and females had on several 
dependent variables estimators of 
males reproductive success. We 
considered the following 
dependent variables: Number of 
mates (the number of females 
mated with a male in a breeding 
season), Paternity loss within nest 
(the arcsine square root of the 
percentage of EPO in the nest of 
the social mate/s) and Paternity 
gain outside nest. This last 
variable was defined as the 
presence or absence of extra-pair 
young sired by a male in the nests 
of females other than the social 
mates. We chose this instead of a 
continuous variable because only 
in two cases males obtained more 
than one EPO. Some males (and 
females) included in the analyses 
bred in two or more rarely in three 
or four breeding seasons. Thus, to 
circumvent pseudoreplication, 
morphometric data and age 
corresponding to the same male 
collected in more than one year 
were averaged to obtain a single
value per individual. 
Morphometric data and age of 
different females mated with a 
male in a season were also 
averaged and the resulting values 
were averaged again to obtain 
figures that characterize the 
“average mate” of each focal 
male. We used both principal 
component analysis (PCA) and 
regression analyses (see below) 
based on 36 males for which we 
were able to establish the genetic 
relationships with their nestling.
To reduce the probability of type I 
errors and simplify the pool of 
morphometric variables measured 
to a reduced set of intercorrelated 
variables, we performed a PCA in 
each of the two sexes (Frey and 
Pimentel 1978; Tabacknick and 
Fidell 2007). We included Age 
because we were interested in 
discriminating the morphological 
variables that exhibit a consistent 
pattern of variation throughout the 
lifetime of an individual. We 
extracted components whose 
eigenvalues were greater than 1. 
The resulting matrix was rotated 
by the Varimax procedure. The 
coordinates of the individuals in 
each of the extracted components 
were used as independent 
variables to test the influence of
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male and female attributes on the the SPSS statistical package 
dependent variables. (SPSS Inc., Chicago, IL, U.S.A.).
To test the effect that components 
have on the Number of mates we 
used multiple regression analysis. 
The actual number of females 
attracted by a male is hard to 
know, so that we defined mated 
females as those females that 
started a clutch throughout a 
breeding season. To test the effect 
that the resulting components 
could have on Paternity loss 
within nest we also used multiple 
regression analysis. The mating 
status of the male was a potential 
correlate of extra-pair paternity 
because we had previously found 
that polygynous males lose 
paternity at least in some years 
(Cordero et al. 2003). Thus, we 
included Number of mates as an 
additional variable in the analysis. 
The effect of components on 
Paternity gain outside nest, a 
dichotomous variable, was tested 
by means of a logistic regression. 
Because some of the males did 
not breed in each of the four years 
considered in this study, we 
included the Number of years 
breeding as an additional variable 
in the analysis to control its effect 
on the dependent variable. All 
analyses were conducted using
RESULTS 
Principal components of 
morphology
The factorial analysis extracted 
three principal components for the 
male variables that explain 68.4% 
of the variance. The first 
component gathers high positive 
loadings for wing length and 
length of the outermost wing 
primary (Table 1). This variation 
axis represents the degree of 
development of flight feathers 
(hereafter Flight feathers).
However, Ornament length, a 
feather trait, has smaller values in 
this component. Age has negative 
loadings on this component 
suggesting that the development 
of flight feathers may decrease 
with age, although the value is 
very small to consider that this 
effect is relevant. The second 
component has the highest
loadings for body mass but also 
includes relatively high values for 
tarsus length, bill length and bill 
size. This axis represents the 
general size of male body 
(hereafter Body size). The 
significance of age in this
variation axis is practically null.
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This component also evidences 
that Ornament length is entirely 
independent of body size. The 
third component associates 
positively Ornament length with 
Age indicating unambiguously 
that the throat feathers increase as 
the male becomes older (hereafter 
Ornament-Age).
For the average females mated 
with males, the general pattern is 
similar (Table 1). The first 
component also gathers high 
positive loadings for wing length 
and outermost primary length, but 
in this sex also the body mass has 
a major significance in this axis. It 
is worth noting that body mass in 
females is rather independent of 
the length of those structures that 
reflect body size suggesting that 
this trait is more dependent on 
environmental factors than it is in 
males. Thus, the association of 
body mass and flight feather 
length may be indicating that 
body condition may favour 
feather development during 
moult. We term this first 
component as Body mass-Flight 
feathers. The second component 
is equivalent to the third 
component of males, with highest 
loadings for Ornament length and 
Age. Bill height also has 
relatively high positive values on
this component but the 
significance of its association 
with the other two variables that 
define this component is not clear. 
The third component associates 
tarsus length and bill length 
suggesting that it is equivalent to 
the second component of males 
and mostly reflects general size of 
the body.
Male attributes, number of 
mates, female attributes and 
fertilization success
Two male components showed 
significant association with the 
Number of mates: Body size and 
Ornament-Age (Table 2). Beta 
coefficients are positive indicating 
that larger males and, 
independently, those being older 
and with longer ornaments 
succeeded in mating with a 
greater number of females. The 
same analysis also showed that 
female components are unrelated 
to the Number of mates acquired 
by males. This result suggests that 
the characteristics of the females 
mated with the same male do not 
vary in accordance with male 
acquisition of more mates and so 
these females are not particularly 
younger or smaller.
None of male components was 
related to Paternity loss within
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nest (Table 3). Rather, this 
variable was affected by some 
female attributes as evidenced by 
its association with the female 
Ornament-Age component. Beta 
coefficient is in this case negative 
indicating that older females with 
longer ornaments had a smaller 
proportion of extra-pair young in 
their broods (Table 3).
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As in the case of the proportion of 
Paternity losses within nests. 
Paternity gain outside nest was 
not dependent on male attributes 
but on their female Omament- 
Age component (Table 4). 
However, the relation is now 
positive indicating that males 
mated with more omamented- 
older females also sired more 
young in the nests of other 
females.
Table 1 Principal Component Analyses (PCA) of morphometric variables.
Male Components Female Components
1 2 3 1 2 3
Explained variance 33.76 18.47 16.17 27.82 23.34 18.19
Variables
Wing length 0.940 0.189 -0.074 0.875 -0.111 0.124
Wing feather length 0.946 0.111 0.014 0.833 0.105 0.109
Tarsus length 0.156 0.522 -0.332 -0.044 0.152 0.785
Bill length 0.296 0.687 -0.075 0.141 -0.108 0.841
Bill height -0.196 0.658 0.025 -0.019 0.625 0.245
Body mass 0.299 0.802 0.231 0.830 0.053 -0.123
Ornament length 0.230 -0.079 0.768 0.082 0.844 -0.252
Age -0.354 0.101 0.790 0.002 0.847 0.040




Male Cl (Flight feathers) -0.18. -1.2 0.24
Male C 2 (Body size) 0.39 2.45 0.021
Male C 3 (Ornament-Age) 0.33 2.09 0.045
Female C 1 (Body mass-Flight feathers) 0.12 0.79 0.43
Female C 2 (Ornament-Age) -0.06 -0.4 0.69
Female C 3 (Body size) 0.005 0.03 0.97
See text and Table 1 for the characterization of the components.
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Table 3. Multiple regression o f Paternity loss within nest (the percentage o f extra-pair 
offspring within the broods of the social mates) on male and female components.
Beta T P
Constant 2.74 0.01
Male C 1 (Flight feathers) -0.04 -0.26 0.80
Male C 2 (Body size) -0.22 -1.22 0.23
Male C 3 (Omament-Age) 020 1.14 0.26
Female C 1 (Body mass-Flight feathers) 0.10 0.64 0.53
Female C 2 (Omament-Age) -0.44 -2.8 0.009
Female C 3 (Body size) -0.18 -1.1 0.28
Number of mates -0.10 -0.56 0.60
Number of mates is included in the model to control the eventual effect of the male’s
mating status on the dependent variable.
Table 4. Logistic regression of Patemity gain outside nest (the presence or absence of
extra-pair offspring sired by a male in nests o f females other than their social mates)





Male C 1 (Flight feathers) 1.01 0.94 0.33
Male C 2 (Body size) 0.88 1.31 0.25
Male C 3 (Omament-Age) -0.37 0.10 0.75
Female C 1 (Body mass-Flight feathers) -2.33 2.52 0.11
Female C 2 (Omament-Age) 3.0 4.45 0.035
Female C 3 (Body size) -0.31 0.11 0.74
Number of years breeding 4.88 3.89 0.049
Number of years breeding is included in the model to control the eventual effect of 
the time a male was breeding in the study colony on the dependent variable.
DISCUSSION Age than to any morphometric
variable. This result, with some 
Ornaments: age or anything differences, was recorded in both
sexes evidencing a growth of the
^  . , , , ^  throat feathers that occursOur PCA revealed that Omament . ,  ^  ^ ^throughout lifetime. In fact, 
length was more associated to .lifetime growth monitoring of
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throat feathers in more than a 
hundred males and females of 
known age showed that 
ornaments invariably grows with 
age (J.P. Veiga and V. Polo 
unpubl. data). Furthermore, we 
sustain that omament length may 
be used by an individual to make 
an accurate estimate of the age of 
opposite sex. In any case, we 
cannot disregard that the length or 
the ornaments is also correlated 
with other aspects of condition. It 
has been discussed in the 
European starlings whether 
ornaments are indicators of age or 
quality and it has been proposed 
that due to the statistical 
inseparability of ornamentation 
and age it is difficult in 
correlative approaches to establish 
whether ornaments may signal 
aspects of quality beyond those 
attributable to age (Komdeur et 
al. 2005). This same limitation is 
faced in our approach. However, 
in a previous study, Aparicio et 
al. (2001) found a positive 
relationship between omament 
length and heterozygosity in male 
spotless starlings, though sample 
size was relatively small. More 
heterozygous individuals could 
also attain better survival because 
heterozygosity is closely related 
with the ability to cope with 
infections, parasites and with an
enhanced function of enzymatic 
systems (Westerdahl et al. 2005; 
Ortego et al. 2007).
In any case, the consistent pattem 
of throat feather growing with age 
determines that any additional 
quality aspect that could be 
eventually signalled by omaments 
should be shown through the 
residuals of Omament length on 
Age. However, if a female or a 
male evaluate cryptic deviations 
of omament length irrespective of 
age, they would probably use 
altemative quality traits. For 
example, in European starlings 
(and probably in the spotless 
starlings) song complexity vary 
with age (Eens et al. 1991; Absil 
et al. 2003), so that it is possible 
that females (and also males) 
could perceive the congruence 
between song complexity and 
omaments size to make an 
integrative evaluation of age vs. 
quality. However, this argument 
is speculative and further 
information on this topic is badly 
needed. Further, an additional 
PCA performed including the 
residuals of Omament length on 
Age showed a weak association of 
this new variable with any other 
trait either in males or females 
(results not shown) suggesting 
that deviation of Omament length
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from the general trend with Age is 
probably erratic.
Thus, we suggest that omament 
length is primarily a good 
estimator of age for both male and 
female spotless starlings in which 
age is crucial to assess individual 
quality. Old males attract more 
females than young males and this 
output is in part caused by the 
greater ability of older males to 
defend more nesting sites than 
younger ones. Older males not 
only have proved good viability 
that may be heritable (Kokko 
1997), but also superior fighting 
abilities that may be a guarantee 
to females of a more efficacious 
defence of them or their young. A 
similar pattem of female 
preferences for older males has 
been shown in several species 
(Weatherhead 1984; Alatalo et a i  
1986). On the other side, older 
females, aside of proving good 
viability, have a superior 
fecundity and reproductive 
performance (see also Komdeur et 
al. 2005). Thus, we think the 
Omament-Age axis makes sense 
as a measurable integrative trait 
embracing throat feather length 
and age that in tum may be 
traducing honest signalling and a 
more realistic picture of quality 
that individuals may perceive of
opposite sex. In any case, we 
cannot disentangle the possibility 
of a common underlying genetic 
basis that could be affecting 
different traits associated with 
individual quality like survival 
and omament length.
Male attributes and number of 
mates
Our results show that two of the 
three extracted components of the 
male attributes had a significant 
and independent effect on the 
Number of mates. The second 
component, that represents a body 
size variation axis, had the 
strongest effect. This is not 
surprising as we previously found 
that the number of females 
attracted by a male is primarily 
determined by the number of 
nests he is able to defend (Veiga 
et al. 2001, 2006) and the 
association between male size and 
resource holding potential has 
been repeatedly reported (Lozano 
1994; Briffa & Sneddon 2007). 
However, even some males that 
only acquired a nest site were able 
to attract more than one female. 
We have defined mated females 
as those that laid a clutch so that 
this excludes females that were 
not able to have a nest for her 
exclusive use. Some mated
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females could lay parasitically or 
breed communally in the nests of 
the other females mated with the 
same male (J.P. Veiga unpubl. 
data), while others probably 
remained as non-layers suggesting 
that, the actual number of females 
mated with a male is very difficult 
to assess in this species. Thus, we 
cannot conclude that bigger males 
acquired more females but bigger 
males controlled a number of 
nests in which more clutches were 
started across a breeding season. 
In any case, bigger males had an 
apparent greater reproductive 
success.
The second variable explaining 
the number of females mated by a 
male is Omament-Age. This 
effect must be considered 
independently of size as both 
components are orthogonal (Frey 
& Pimentel 1978; Tabachnick & 
Fidell 2007). These results 
suggest that superimposed to the 
size effect, more omamented- 
older males are able to attract 
more females. However, our 
approach does not enable us to 
determine the relative importance 
of age and omaments on the 
number of females mated by a 
male. The strong association 
between Omament length and 
Age suggests that the
environmental effects on the 
Omament-Age axis are probably 
small, so females could hardly 
evaluate current condition of 
potential mates from this trait 
only. Other studies have shown a 
consistent correlation between 
omament development and male 
condition, which could explain 
the preference of omamented 
males by females (e.g. Trivers 
1972; Zahavi 1975; Zuk et al. 
1990; Andersson 1994; Johnstone 
1995; Veiga & Puerta 1996; 
Cotton et al. 2004; Tarof 2005; 
Garvin et al. 2008). For the 
spotless starling, in which 
omament length is a good and 
reliable predictor of age, we 
cannot reject the possibility that 
females can evaluate current 
physical condition of potential 
partners by watching other traits. 
Nonetheless, the growth of 
omaments in males occurs mostly 
between the first and second years 
of age but after the third year no 
consistent pattem of growth was 
detected (V. Polo and J.P. Veiga 
unpubl. data), so that this trait 
could enable females to easily 
discriminate yearlings and/or two 
years old males from older males. 
Yearlings usually do not breed in 
our studied populations but they 
may in some occasions acquire a 
nest opportunistically and fertilize
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females. Young males however 
are always subordinated to older 
males so that it is risky for 
females to have a social male that 
cannot guarantee the defence of 
the nest and young against an 
older male taking over a territory. 
Incoming males may toss eggs or 
kill young to mate with the 
victimized female. This is a 
common behaviour in birds and it 
is documented in both the 
European starling and the spotless 
starling (reviewed by Veiga 
2000).
In summary, omaments predict 
mating success probably because 
more omamented-older males 
could offer a better defence of the 
nest and young again conspecifics 
and perhaps predators. In 
addition, older males have 
demonstrated a survival ability 
that could be indicating a genetic 
value, but the relative importance 
that for females have genetic and 
immediate reproductive benefits 
have to be established in this 
species.
Extra-pair paternity: females 
set the rule
Our results indicate that male 
characteristics are not related to 
rates of cuckoldry suffered within 
own broods. Males mated with
more females per breeding season 
across the four years of the study 
had similar success, in terms of 
percentage of sired offspring per 
brood, than males that mated with 
a smaller number of females. 
Most relevant for the aims of this 
study is that Omament-Age and 
Patemity loss within nest are not 
correlated. Thus, more 
omamented-older males are able 
to fertilize their social females at 
the same rate than less 
omamented males irrespective of 
their mating status. Although the 
loss of patemity has been 
recognized as a major cost of 
being polygynous (Freeland et al. 
1995; Hasselquist & Sherman 
2001; Pilastro et al. 2002), our 
results suggest that more 
omamented-older males, by 
mating with a higher number of 
females, increased their total 
reproductive success (e.g. 
Kempenaers et al. 1995; Smith & 
Vonschantz 1993; Westneat 
1993).
The Omament-Age axis of males 
did not affect Patemity gain 
outside nest. A prediction of the 
theory is that females searching 
for extra-pair mates should prefer 
males with bigger omaments if 
these traits are a signal of genetic 
pre-eminence (e.g. Norris 1993;
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Petrie 1994). As discussed above, 
large omaments and age could be 
indicating an underlying genetic 
quality in the spotless starling 
although there is no consistent 
evidence on this respect. 
However, if we assume the role of 
“good genes”, even “genetic 
champions” should exhibit short 
omaments when they are young. 
So, it is possible that females do 
not look for long omaments when 
they search for an extra-pair male. 
It is possible that other traits, or a 
combination of traits, are more 
precise indicators of the genetic 
heritage searched by females 
(Pomiankowski & Iwasa 1998; 
Andersson et al. 2002; Badyaev 
& Young 2004; Van Doom & 
Weissing 2004 and references 
therein; Hegyi et al. 2007).
The female Omament-Age was 
then the only variable, among 
those included in this study, 
showing a correlation with the 
fertilization success of their social 
mates. Males mated with more 
omamented-older females were 
less cuckolded and they sired 
more EPO in other nests. 
Provided that males gaining 
patemity in alien nests are similar 
in age and morphology to non- 
promiscuous males, we cannot 
advance any selective advantage
(in terms of male quality) for 
females having EPO. If 
fertilization is under the female 
control (e.g. Lifjeld & Robertson 
1992; Birkhead & Moller 1993), 
the most parsimonious 
explanation of this result is that 
experienced females are more 
capable to avoid forced 
copulations or to select sperm 
(Wagner et al. 1996). However, it 
is possible that juvenile females, 
that regularly mate with younger 
males (assortative mating by age 
is the rule in our population), are 
more prone to promiscuous 
copulations and we cannot mle 
out the eventual benefits of this 
multiple mating (e.g. increase of 
the genetic diversity and/or of the 
heterozigosity of their progeny; 
reviewed in Jennions & Petrie 
2000; Foerster et al. 2003). On 
the other side, if a male has some 
control on fertilizations, it is 
possible that males mated to more 
omamented- older females invest 
more in protecting patemity than 
if they mate with younger 
females. This is consistent with 
the fact that older female starlings 
represent a more valuable 
resource because they are more 
fertile and raise more young as 
occurs in many other species in 
which female breeding success 
improve with advancing age
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(reviewed in Forslund & Part 
1995; Angelier et al. 2007).
The fact that males mated with 
more omamented-older females 
showed the highest rates of 
patemity gains in alien nests is a 
bit surprising as one could argue 
that experienced females could 
possess superior skills to prevent 
the promiscuous behaviour of 
their mates. However, this 
assertion assumes that such male 
behaviour is costly to females, a 
proposal that it is not adequately 
demonstrated (but see Lubjuhn 
2005). It is possible that expertise 
renders older females to be more 
prudent and more prone to remain 
near the nest during the fertile 
period while juveniles prefer to 
remain close to the male reducing 
his chances to copulate with other 
females. Although some evidence 
of these differences in the 
behaviour of juvenile and old 
female starlings have been 
recorded (J.P. Veiga unpubl. 
data), the argument clearly needs 
additional support. One 
possibility is that searching for 
extra-pair mates is more costly for 
older females, perhaps because of 
physiological constraints such as 
accumulated oxidative stress 
because of the aging process, 
which could result in a less
appetence for copulation with 
extra-pair males. Alternatively, if 
more omamented-older females 
seem to prevent or search for 
extra-pair copulations less than 
younger and with shorter 
omaments females, it is possible 
that males mated with the former 
invest less time in mate guarding 
and more time in trying to 
copulate with other females.
In sum, this study shows that 
omament length is a consistent 
correlate of age in both males and 
females and probably does not 
give significant additional 
information on phenotypic or 
genetic features of their bearers. 
The size of the omaments and the 
general size of males were 
independently associated with the 
number of social mates they 
attracted to their nests. This 
suggests that bigger males defend 
more nest sites and that more 
omamented-older males may be 
preferred by females because of 
their greater quality (either 
phenotypic or genetic). The 
fertilization success of males 
either with their social mates or 
with other females is determined 
not by their own attributes but by 
the Omament-Age of females 
with which they were mated. 
Males mated with more
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omamented-older females were 
less cuckolded and had more EPO 
in other nests. Explanations of 
this pattem are contingent on the 
control that each sex has on 
fertilization.
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Posibles beneficios genéticos de la promiscuidad 
para las hembras de estornino negro




Varias hipôtesis no mutuamente excluyentes se han propuesto para 
explicar la patemidad extra-pareja (EPP) desde el punto de vista de los 
beneficios genéticos que ésta puede tener para las hembras: hipôtesis de 
diversidad genética, hipôtesis de garantia de la fertilidad, hipôtesis de 
los “buenos genes” e hipôtesis de la compatibilidad genética. Tener en 
cuenta las predicciones de estas hipôtesis es crucial para distinguir 
entre ellas y esclarecer cuâl podria mantener la estrategia de la EPP en 
el estomino negro. Nuestros estudios previos en esta especie han 
mostrado un efecto de los caractères fisiolôgicos y morfolôgicos de las 
hembras sobre las tasas de EPP. En este estudio analizamos los 
correlatos de la EPP en relaciôn a todas estas hipôtesis intentando 
averiguar algo mas sobre los déterminantes del apareamiento 
promiscuo en aves. Analizamos los patrones de patemidad extra-pareja 
a lo largo de seis anos teniendo en cuenta la similitud genética de los 
miembros de la pareja e hicimos anâlisis a diferentes niveles (pareja, 
macho, pollada y polio) para testar cada una de las predicciones 
surgidas de las distintas hipôtesis propuestas. Usamos caractères 
genéticos, morfolôgicos y de historia de vida de hembras reproductoras, 
machos reproductores y polios. Encontramos que la similitud de las 
parejas sociales cuyas polladas contenian polios extra-pareja (EPOs) 
era mas alta que la de las parejas sociales cuyas polladas no contenian 
EPOs y que el tamano de puesta era mayor en las polladas de 
patemidad mixta que en las polladas con un ùnico padre genético. 
Nuestros resultados sugieren que una de las hipôtesis mas plausibles 
para explicar la EPP como una estrategia reproductora altemativa desde 
el punto de vista de las hembras en esta especie es la hipôtesis de la 
diversidad genética.
Palabras clave: Tamafio de puesta, patemidad extra-pareja, hipôtesis 





Possible genetic benefits of female promiscuity in the 
spotless starlings
ABSTRACT
Several non-mutually exclusive hypotheses have been proposed to 
explain the benefits that extra-pair patemity (EPP) may have to 
females: the genetic diversity hypothesis, the fertility insurance 
hypothesis, the good genes hypothesis and the genetic compatibility 
hypothesis. Taking into account the predictions of these hypotheses is 
crucial to discem among them and envisage which could hold for the 
EPP strategy in the spotless starling. Our previous studies in this 
species have shown an effect of female physiological and 
morphological traits on EPP rates. In the present study we analyse the 
correlates of EPP in relation to all these hypotheses trying to know 
something more about the determinats of the promiscuous breeding in 
birds. We analysed the pattem of EPP along six years having into 
account pair relatedness and we made analyses at different levels (pair, 
male, brood and offspring) to test each one of the predictions arisen 
from the different hypotheses proposed. We used genetic, morphologic 
and life-history traits of breeding females, breeding males and 
offspring. We found that relatedness of social pairs whose broods 
contained extra-pair offspring (EPOs) was higher than relatedness of 
social pairs whose broods did not contain EPOs and clutch size was 
higher in mixed patemity broods than in broods with only one genetic 
father. Our results suggest that one of the most plausible hypotheses to 
explain the EPP as an altemative reproductive strategy from the female 
point of view in this species is the genetic diversity hypothesis.
Keywords: Clutch size, extra-pair patemity, “genetic diversity’ 
hypothesis, microsatellites, patemity testing, Sturnus unicolor.
INTRODUCTION Extra-pair patemity (EPP) is a
common phenomenon among 
birds (Petrie & Kempenaers
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1998). Among passerines, 86% of 
the species investigated produce 
extra-pair offspring (EPO) 
(Griffith et al. 2002). However, 
some reviews have shown that 
there is a large variation in the 
frequency of EPP, both between 
and within species, and they have 
highlighted our limited 
understanding of the possible 
function of this reproductive 
strategy to female birds (Griffith 
et al. 2002; Westneat & Stewart 
2003; O’Brien & Dawson 2007; 
Dreiss et al 2008). To date, 
several hypotheses have tried to 
explain why female birds would 
solicit or accept extra-pair 
copulation (EPC) in spite of the 
costs incurred by this behaviour 
(Westneat et al. 1990
Kempenaers & Dhondt 1993 
Petrie & Kempenaers 1998 
Jennions & Petrie 2000; Griffith 
et al. 2002). All these hypotheses 
are based on the direct or indirect 
benefits that EPP could have for 
females. For example, females 
could obtain direct benefits 
accepting to copulate with extra- 
pair males in exchange of being 
allowed to forage inside extra-pair 
male’s territory, obtaining help in 
nest defence (Gray 1997) or 
securing food provisioning for 
the chicks (Blomqvist et al. 
2005). However, the existence of
direct fitness benefits for females 
is equivocal despite extensive 
tests for demonstrating such 
effects (Birkhead & Moller 1992). 
Females are currently more 
believed to gain indirect or 
genetic benefits through EPC by 
improving their fertility or the 
average genetic quality of their 
offspring (reviews in Kempenaers 
& Dhondt 1993; Jennions & 
Petrie 2000; Griffith et al. 2002; 
Chamantier et al. 2004).
Several non-mutually exclusive 
hypotheses have been proposed to 
explain the EPP from the point of 
view of the genetic benefits to 
females. The main hypotheses are 
the genetic diversity hypothesis 
(Williams 1975; Westneat et al. 
1990), the fertility insurance 
hypothesis (Wetton & Parkin
1991; Sheldon 1994), the good 
genes hypothesis (Hamilton 1990; 
Westneat et al 1990) and the 
genetic compatibility hypothesis 
(Zeh & Zeh 1996, 1997). The 
genetic diversity hypothesis 
proposes that females engage in 
EPC for maximizing the genetic 
variability of their offspring,
increasing the probability that
some offspring will survive, 





under different circumstances. 
This hypothesis predicts: 1) few 
EPOs per nest in most nest or, if 
many EPOs per nest, they should 
have different fathers, 2) no 
difference in average fitness 
between EPOs and WPOs, 3) a 
higher average fitness in broods 
with EPOs (mixed broods) than in 
broods with only one genetic 
father, 4) most or all females 
should engage in EPCs, 5) the 
variance in male reproductive 
success in the population should 
not increase, 6) EPP should be 
more common if pair members 
are relatives and 7) In contrast 
with the “good genes” hypothesis 
and with the “compatible genes” 
hypothesis, females would not be 
able to assess genetic quality of 
extra-pair males. An evidence for 
an effect of genetic diversity on 
EPP was found by Petrie et al. 
(1998) who reported a positive 
correlation between frequency of 
EPP and genetic variability across 
species and populations when 
using the number of polymorphic 
loci in different species as a 
measure of genetic diversity.
The “fertility insurance” 
hypothesis proposes that females 
could accept EPCs for insuring 
successful fertilization of their 
eggs. This could be especially
important in species with 
polygynous mating systems, 
where males mated to many 
females simultaneously may 
suffer from temporary sperm 
depletion, thus becoming 
temporarily infertile (Edler & 
Frield 2008). This hypothesis 
predicts: 1) higher number of 
EPO in broods of polygynous 
males in case of temporal sperm 
depletion, 2) no average fitness 
differences between EPOs and 
WPOs, 3) higher hatching success 
in broods with mixed patemity 
than in broods lacking EPOs, and 
4) no phenotypic differences 
between extra-pair males and 
social males.
The “good genes” hypothesis 
proposes that females try to pair 
with males who posses a pool of 
“good genes” that could be 
inherited by their offspring 
improving their survival 
(Hasselquist et al. 1996; 
Kempenaers et al. 1997) and/or 
their future reproductive 
performance (Schmoll et al.
2005). Predictions related with 
this hypothesis are: 1) females are 
able to recognize males carrying 
these genes using phenotypic 
cues, for example secondary 
sexual characters (Hagelin & 
Ligon 2001, Doucet 2002), 2)
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higher rates of EPO in the nest of 
less attractive/fitted males, 3) 
differences between extra-pair 
males and the males they 
cuckolded, being the males who 
exhibit a higher genetic quality 
the extra-pair males and 4) 
differences between EPOs and 
WPOs from the same brood, with 
a higher genetic quality of EPOs. 
Several studies have supported 
this hypothesis showing 
differences between cuckolders 
and the males they cuckolded 
(e.g. Kempenaers et al. 1992;
Hasselquist et al. 1995;
Weatherhead & Boag 1995;
Sundberg & Dixon 1996; 
Kempenaers et al. 1997; Saino et 
al. 1997; Sheldon et al. 1997; 
Otter et al. 1998, Kokko 2001). 
Others did not it (Krokene et al. 
1998, Strohbach et al. 1998,
Rosivall et al. 2009).
Finally, the “genetic
compatibility” hypothesis
proposes that females could pair 
with extra-pair males whose 
genome best complement their 
own, not only for trying to avoid 
inbreeding depression but also to 
maximize the genetic quality of 
their offspring resulting in a great 
offspring heterozigosity. There 
are several examples in birds in 
which heterozygosity correlates
positively with survival, low risk 
to be parasitized, territory size, 
song diversity, male plumage 
characters, clutch size, hatching 
success fledging success, and 
fertilization success (Hansson et 
al. 2001; Foerster et al. 2003; 
Cordero et al. 2004; Seddon et al. 
2004; Ortego et al. 2007a,b). This 
hypothesis predicts: 1) higher 
EPO rates in pairs with higher 
genetic relatedness, 2) higher 
relatedness between female and 
her social mate than between the 
female and her extra-pair male 
and 3) higher levels of inbreeding 
and lower levels of heterozigosity 
in WPOs than in EPOs from the 
same brood. Some relative recent 
studies have supported this 
hypothesis (e.g. Blomqvist et al. 
2002; Foerster et al. 2003; 
Freeman-Gallant et al. 2006; 
Fossoy et al. 2008).
As we show, many studies have 
tested the different hypotheses 
about the function of EPP from 
the point of view of females at the 
intra-specific level obtaining 
contradictory results. As Griffith 
et al. (2002) pointed out, good 
empirical tests require a large 
body of information on individual 
fitness and quality of females, 
males and offspring. We used 
EPP data from a colony of
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spotless starlings {Sturnus 
unicolor) collected along six 
years in an attempt to provide 
new insights concerning this 
behaviour. In previous studies, we 
have already shown that EPP is a 
common strategy in this species 
(Cordero et al. 2003) and that 
female physiological and
morphological traits influence the 
rate of EPO in the colony (Garcia- 
Vigon et al. 2008b; Garcia-Vigon 
et al. unpublished).
However, in none of these studies, 
we analysed together and in detail 
which of the several hypotheses 
potentially underlying extra-pair 
choice could better fit our model 
species. So, to attain this, in the 
present study we analyse the 
correlates of EPP in the spotless 
starling testing the predictions of 
the different genetic hypotheses 
trying to get additional insights 
into the intriguing breeding 
strategy of avian promiscuity. For 
this purpose, we used genetic, 
morphologic and life-history traits 
of breeding females, breeding 
males and offspring. We analysed 
the pattem of EPP along six years 
having into account pair 
relatedness and we compared 
social pairs with and without 
EPOs in their broods, social pairs 
versus extra-pair mating pairs.
cuckolder males versus males 
they cuckolded and broods with 
and without mixed patemity. 
Finally, we also compared EPOs 
versus WPOs from the same 
broods, and therefore individuals 
exposed to the same 
environmental conditions and 
originated from the same matemal 
genotype (Sheldon et al. 1997).
METHODS 
Species and Study Area
The spotless starling is a mid-size 
facultative polygynous passerine 
in which, depending on the year, 
25%-45% of males that acquire a 
breeding territory mate with two 
or more females in our population 
and the remaining males acquire a 
single mate (Veiga et al. 2001 
2002). The laying season extends 
from mid April to mid-June and 
most females lay two clutches per 
breeding season (Mean = 4.9 eggs 
per clutch). Both males and 
females defend nest against 
competitors and intrasexual 
competition for nest sites is 
intense in both sexes (Veiga
2002). Previous studies have 
shown that in this species between 
10-20% of the offspring is sired 
by extra-pair males (Cordero et
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al. 2003; Garda-Vigôn et al. 
2008b).
We studied spotless starlings in a 
colony at Collado Villalba 
(Madrid, Spain) consisting of 40 
nestboxes in a plot of 1.3 ha. The 
area is pastureland with trees. The 
study of this colony has been 
underway since 1995 (Veiga et al. 
2004) and data for this study was 
gathered along 6 years (1996- 
2001).
Field procedures
Nestboxes were checked to 
determine the beginning of laying, 
clutch size, hatching date and 
number of fledglings. A 
proportion of the breeders had 
already been marked in 1995 and 
they were individually 
recognized. The unmarked males 
were in most cases captured 
before egg laying using spring 
nest traps but some of them could 
only be trapped when they fed 
young. To identify the male that 
controlled a nestbox we observed 
nestboxes during prelaying stages 
or, if a male fed nestlings, we 
trapped him or identified his rings 
on nest video recordings. The 
identity of female owners of nest 
boxes was determined in most 
cases by capturing them when 
they had nestlings 4-6 days old
(Moreno et al. 1999; Veiga et al.
2002). In 1996 and 1997, we 
validated this criterion by 
verifying that the presumed 
owners were the genetic fathers of 
at least some offspring in their 
nest using DNA multilocus 
fingerprinting (Cordero et al.
2003). In total, we followed 217 
successful breeding attempts 
along six years (1996-2001) from 
78 females and 46 males, of 
which 82.03 % (178/217)
produced at least one fledgling.
Standard morphometric
measurements (wing length, 
outermost wing primary length, 
tarsus length, body mass, bill 
length and bill height) and a blood 
sample were taken from captured 
individuals (Garcia-Vigon et al. 
2009). Body condition was also 
computed as typified residuals 
from linear regressions of body 
mass on tarsus length. The 
capture of males and females did 
not affect either their mating 
status or their current nestbox 
occupation. We ringed all adults 
that were not yet marked with a 
numbered aluminium ring and a 
unique combination of plastic 
colour rings to allow individual 
identification. Nestlings were 
ringed with aluminium rings 
when they were 5-6 days old and
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then they were bled. All blood 
samples (50-1 OOpl) were taken 
from the jugular vein of all 
captured adults and nestlings, kept 
in absolute ethanol and stored at - 
40°C until they were used for 
parentage and sex analysis.
The sex of young was identified 
by PCR amplifications of two 
homologous genes (CHDl-W and 
CHDl-Z) using primers P2 and 
P8 and following Griffiths et al. 
(1998) protocol with certain 
modifications (see Cordero et al. 
2001).
Measuring Parental Care
We estimated the parental care as 
the sum of male feeding trips/h 
(male feeding rate; Allen& Islam
2004) plus female feeding trips/h 
(female feeding rate). We used 
parental feeding rate of nestlings 
instead of other measures of 
parental care because it is 
relatively easy to record. Feeding 
rate of males and females at each 
nest was measured in 1998, 1999 
and 2000 by means of two video 
camera sessions, each lasting 2 h,
when nestlings were 4-5 and 10-
12 days old respectively. The 
average rates for these two 
periods were used in our analyses 
(see Moreno et al. 1999 for more
details of the rationale). Cameras 
were placed 3-6 m from of the 
entrance of the nestboxes and 
observations were made at 08.00-
10.00 hours and 16.00-18.00
hours allowing parents 
identification by their individual 
combination of colour rings.
Genetic Parentage Assignment, 
Individual Homozigosity and 
Mating Pair Relatedness
For years 1996 and 1997, we used 
parentage data that we had 
obtained using DNA multilocus 
fingerprinting in a previous study 
(Cordero etal. 2003). To establish 
the true genetic relationships 
among the individuals for the rest 
of years included in the present 
study (1998-2001), we carried out 
microsatellite genotyping on 
families whose social parentage 
had been determined previously.
To extract and purify genomic 
DNA from the blood samples we 
used NucleoSpin Tissue Kit 
(Macherey-Nagel, Duren,
Germany). We determined the 
genetic parentage of 54 social 
males, 81 breeding females and 
111 nestlings from 217 broods 
using the following primers: Pca- 
7 from blue tit, Cyanistes
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caeruleus (Dawson et al. 2000), 
Ase-18 from Seychelles warbler, 
Acrocephalus sechellensis
(Richardson et al. 2000), and 
SS2.32, SS1.6, SS1.106, SS2.106 
from superb starling,
Lamprotornis superbus
(Rubenstein 2005). These 
microsatellites were sized using a 
ROX labelled size standard in a 
single-capillary automated DNA 
sequencer (ABI 310 ® Genetic 
Analyzer, Applied Biosystems) 
and genotypes were scored using 
GeneScan 3.7 (Applied
Biosystems). Microsatellites were 
polymorphic for spotless starling 
with an average of eight alleles 
per locus (range: 4-12)  and had a 
combined exclusion probability of 
0.973 (Garcia-Vigon et al 2008a). 
Their suitability for patemity 
analyses has been already 
validated in previous studies (e.g. 
Garcia-Vigon et al. 2008 a,b).
We assessed genetic parentage by 
comparing nestling genotypes 
firstly to those of the attending 
female and then to the territorial 
male at six loci. We considered 
that nestlings were within-pair 
offspring (WPO) if their alleles 
matched (i.e. if they possessed 
alleles of the size of each parent 
and segregation was compatible 
with Mendelian inheritance) the
social parents alleles in all six loci 
or had at the most one 
mismatched allele, assuming that 
this mismatch could be originated 
through mutation or typing error. 
We considered that nestlings were 
EPO if their alleles mismatched 
with those of the social male at 
two or more loci (Garcia-Vigon et 
al. 2008a, b, c). We consider that 
nestlings were intraspecific-brood 
parasites (IBP) when their alleles 
mismatches with both their social 
male and social female after 
discarding samples assignment 
errors (Garcia-Vigon et al. 2008a, 
b, c). We consider that nestlings 
were pseudoparasite offspring if 
their alleles mismatches with 
those of their social female but 
not with those of their social 
male. Only the cases with two or 
more mismatches, involving the 
offspring and their putative 
parents, were genotyped again to 
confirm the obtained results 
(Garcia-Vigon et al. 2008 a, b). 
When we removed the locus with 
more typing errors, the combined 
exclusion probability still was 
very high (0.941).
We determined male extra-pair 
gains of patemity in alien nests in 
1998, 1999, 2000 and 2001 by 
using CERVUS, version 2.0 




program to assign the most 
probable genetic patemity of an 
EPO nestling among a set of 
different putative males with a 
level of confidence set at 95%. 
We run the program with one 
simulation for each study year. 
Simulation parameters were: 
95.4% of loci typed and 33 
candidate parents, of which 82% 
were sampled for 1998; 99.2% of 
loci typed and 44 candidate 
parents, of which 86% were 
sampled for 1999; 98.9 % of loci 
typed and 39 candidate parents, of 
which 87% were sampled for 
2000, and 99,4% of loci typed and 
34 candidate parents, of which 
71% were sampled for 2001. We 
estimated the number of candidate 
parents increasing the field data 
(number of territorial and 
observed floating males in the 
colony) by approximately 20% to 
account for parentage of not 
sampled individuals (Berg 2005). 
We mn all simulations for 10000 
cycles assuming an error rate of 
1%, the default value in 
CERVUS.
We used the program 
CERNICALIN (Aparicio et al.
2006) to calculate three different 
index of multilocus
heterozygosity for each genotyped
individual: Observed
Homozigosity (HO), Intemal 
Relatedness (IR) (Amos et al. 
2001) and Homozigosity by Loci 
(HL) (Aparicio et al. 2006). 
However, all of these three 
indexes provided similar results, 
so here only results of HL index 
are included.
Finally, we needed to estimate 
relatedness between social and 
genetic mating pairs and between 
females and the males present in 
the colony in a determinate 
breeding season. Relatedness or 
genetic similarity between mates 
is an important and easily 
measured component of genetic 
compatibility (e.g. Blomqvist et 
al. 2002; Pai & Van 2002; 
Marshall et al. 2003) because 
dissimilarity between parental 
haplotypes increases the chances 
of heterozygosity at offspring loci 
which could be positive for their 
fitness. Relatedness could 
influence reproductive patterns 
through a variety of adaptive and 
non-adaptive mechanisms. For 
example, females may choose 
mates based on relatedness or a 
correlate of relatedness (e.g. 
Foerster et al. 2003; Marshall et 
al. 2003). Alternatively, 
postcopulatory mechanisms such 
as sperm competition, cryptic
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female choice, or interactions 
between sperm and ova may 
result in a higher probability of 
fertilization of eggs by genetically 
dissimilar sperm (e.g. Tregenza & 
Wedell 2002; Pai & Yan 2002; 
Marshall et al. 2003) or 
differential survival of embryos as 
a function of the genetic 
dissimilarity of their parents 
(Tregenza & Wedell 2002). These 
different mechanisms can be 
difficult to tease apart and few 
studies have successfully 
identified them (but see Marshall 
et al. 2003). Regardless of the 
mechanism, reproductive patterns 
in relation to genetic similarity 
can indicate the indirect adaptive 
benefits of multiple mating to 
females. If selection has favoured 
mechanisms that enhance the 
probability that offspring result 
from genetically dissimilar ova 
and sperm, the predictions 
established by the genetic 
compatibility hypothesis should 
hold (Griffith et al. 2002).
To estimate relatedness we used 
the program STORM, version 1.0 
(Frasier 2008), a program written 
in C designed to use Monte Carlo 
simulations in order to test a 
variety of hypotheses regarding 
relatedness and/or mating 
patterns, for calculating
relatedness of social and genetic 
mating pairs. In this program the 
calculation of relatedness of 
mating pairs is based on the 
method described in Li et al. 
(1993), with each locus weighted 
using the method described by 
Lynch & Ritland (1999) and Van 
de Casteele et al. (2001). STORM 
calculates different weights for 
each pairwise comparison that are 
based only on the loci used for 
that comparison, rather than all 
loci in the data set (Frasier 2008). 
This method was chosen out of 
the many available approaches for 
calculating relatedness because it 
is unbiased, it is never undefined, 
and it consistently performs well 
in a variety of situations and often 
outperforms all other estimators 
(Van de Casteele et al. 2001; 
Wang 2002; Krützen et al. 2003).
Statistical analyses
We used different statistical units 
for the analyses (male, pair, brood 
and offspring) according to the 
different predictions exposed. At 
male level, we used paired t-test 
for making comparisons between 
cuckolder male(s) and the social 
male they cuckolded. We 
compared their relatedness with 




experience (estimated as the 
number of years that a male had 
bred in the colony until the study 
year), some variables of mating 
success (male status, number of 
breeding attempts, number of nest 
and number of mates) and some 
phenotypic traits (outermost 
primary length, wing length, 
omament length, tarsus length, 
body mass and body condition). 
These traits have been used by 
many other authors as indicators 
of male quality (for example 
Kempenaers et al. 1997, Krokene 
et al. 1998, Strohbach et al. 1998, 
Leech et al. 2001). For these 
comparisons, we combined data 
over all years in which we have 
unambiguously identified
cuckolder males (1998-2001). To 
avoid pseudoreplication in
individual male analyses, if a 
social male was cuckolded in 
several breeding attempts in
which he was paired with the 
same social female, we
considered this male only one 
time in the analyses and we 
compared his average data with 
the average data of his cuckolder 
males. There were 23 cases in 
which a social male had more 
than one EPO in his brood. We 
could assign the true genetic 
father of all EPOs in four of these 
cases. In one of them the tme
genetic father was the same for all 
EPOs. In the other three cases, 
EPOs in the same brood had 
different true genetic fathers but, 
unfortunately, we only had 
morphological data for one of the 
identified genetic fathers. So, in 
such cases, we compared the 
social male with the genetic father 
for which we had morphological 
data. On the other hand, some 
males sired EPOs in different 
broods, but each case can be 
considered as an independent 
event of female choice 
(Kempenaers et al. 1997, Frield & 
Klump 2005).
At pair level, we used one way 
ANOVA to test if there were 
significant differences in the 
average relatedness of each 
breeding female with all males 
present in the colony in this 
breeding season, but her social 
mate, comparing females from 
social breeding pairs with EPOs 
and without EPOs respectively. 
We used the same test to compare 
the relatedness of social mating 
pairs whose broods contained 
EPOs and those that did not. In 
both cases, we had data for 
several broods of each mating pair 
so, to avoid pseudoreplication, we 
considered only first clutches and 
we also used a bootstrapping
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procedure. We run an identical 
ANOVA model 50 times, each 
time randomly selecting with 
replacement one value for each 
breeding pair and calculating 
average F  statistics across the 
replicates (Yezerinac et al. 1996). 
To check if the obtained F- 
statistics was or not significant we 
used the probability calculator of 
the statistical package 
STATISTICA 6.0 (StatSoft Inc., 
Tulsa, OK, U.S.A). In addition, 
and considering only first broods 
with EPOs, we used Pearson 
correlations to test if the 
relatedness of females with their 
social and extra-pair mates were 
correlated with the percentage of 
EPOs in their broods. In this case, 
pseudoreplication was not a 
relevant problem because we only 
had one social pair that had three 
broods with EPOs and one extra­
pair mate that sired EPOs two 
times. Nevertheless, we followed 
the same method than above but 
in this case we only repeated the 
analyses 3 times for the 
relatedness between females and 
their social males and 2 times for 
the relatedness between females 
and their extra-pair males 
(selecting each time one value for 
the pair). We calculated the 
average correlation coefficient of 
Pearson (r) across the replicates.
To check if the obtained 
correlation coefficients were or 
not significant we used again the 
probability calculator of the 
statistical package STATISTICA
6.0 (StatSoft Inc., Tulsa, OK, 
U.S.A). At this level, we also 
used paired t test for comparing 
relatedness between a female and 
her mate (social or extra-pair 
depending on the analysis) to the 
average relatedness of that same 
female and all males present in 
the population in that year . With 
this analysis, we try to test if the 
female is selecting her mates 
(social or extra-pair) by their 
genetic similarity from the pool of 
males in the population (Tarvin et 
al. 2005).
Finally, we investigated the 
potential benefits that EPP could 
exert on offspring at both brood 
and nestling levels. At brood 
level, we first performed an 
initial exploratory analysis in 
which we compared the 
performance of broods with 
mixed and non-mixed patemity 
using one-way ANOVAs in 
relation to clutch size, hatching 
success, nestling success (defined 
as proportion of fledglings 
relative to clutch size), sex ratio 
(defined as number of male 
fledglings in the brood/total
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number of fledglings in the 
brood), mean offspring body 
mass, mean offspring tarsus 
length and mean offspring body 
condition index (measured when 
they were 15 days old) as 
response variables. Furthermore, 
to control for variables that were 
known or suspected to affect these 
response variables we made a 
second analyses using ANCOVA 
models (general linear models, 
SPSS Inc, Chicago, IL, U.S.A.) in 
which we included the presence 
of EPOs in the brood as fixed 
factor and the same response 
variables as before, except 
hatching success and nestling 
success that were interchanged for 
number of nestlings and number 
of fledglings respectively. We 
controlled for the environmental 
conditions and the possible effects 
of testosterone in brood success 
including year (1996, 1997, 1998, 
1999, 2000 or 2001) and female 
treatment (testosterone or control) 
as fixed factors provided that we 
used this hormone in previous 
work for different studies on this 
species (Veiga et al. 2004; 
Garcia-Vigon et al. 2008). We 
also included the variables female 
heterozigosity (HI index) and pair 
relatedness as covariates because 
their potential effects on breeding 
success (Cordero et al. 2004).
Depending on the analysed 
variable, we also included other 
covariates in the model that could 
be influential. For example, for 
clutch size we added female 
condition as covariate; for number 
of nestlings we added female 
condition, clutch size and male 
status (monogamous or 
polygynous); for number of 
fledglings we added number of 
hatched nestlings and parental 
feeding rate; and finally, for 
fledglings measures (body mass, 
tarsus and body condition) we 
added parental feeding rate and 
number of fledglings. Except for 
the analyses of clutch size, in 
which the interaction between 
year and the presence of EPOs 
and the interaction between 
treatment and presence of EPOs 
resulted significant, we selected a 
main effects model after having 
verified that all interactions were 
not significant (all P > 0.100). For 
the analyses of offspring 
measures, we used only broods 
with at least one fledgling. Only 
those broods in which parental 
feeding was measured were used 
to analize the number of 
fledglings and their morphometric 
variables in the ANCOVA 
models. We had data from the 
same pair for several years and 
for several breeding attempts
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within the same year so, to avoid 
pseudoreplication in both types of 
analyses, we considered only first 
clutches and we used again the 
bootstrapping procedure
described before for one way 
ANOVAs.
At nestling level, we investigated 
if there were differences in the 
survival to fledgling or in the sex 
between EPOs and WPOs using 
binary logistic regression models. 
First, we included survival to 
fledgling as the response variable 
and patemity (EPO or WPO), sex, 
brood identity, and their 
interaction as covariates. Then, 
we repeated the analysis including 
sex (Male=l and Female=0) as 
response variable and patemity, 
brood identity and their 
interactions as covariates. The 
covariates used were not 
correlated among them (all 
F>0.05). Furthermore, we used 
paired t-test to compare mean 
values of other phenotypic traits 
(wing length, tarsus length, body 
mass, body condition) and 
homozigosity index of WPOs and 
EPOs in each brood containing 
mixed patemity (73 broods). Such 
comparisons within broods 
control for territory quality and 
social parent quality (Kempenaers 
et aL 1997). It is important to note
that some of the morphological 
traits of the nestlings analysed are 
more dependent on sex than on 
patemity. For example, in the 
spotless starling, we found that, 
within brood, male nestlings 
presented higher body sizes than 
female nestlings. (Male tarsus 
length^ 30.34±0.12mm, female 
tarsus length= 29.79±0.13mm, t= 
3.905, V=36, P<0.001; male body 
mass=83.12±1.44g, female body 
mass=80.30±1.14g, /=2.831,
N=36, P=O.OOS). Therefore, we 
repeated paired t test within 
broods comparing EPOs with 
WPOs according to sex. Finally, 
we made this same analysis but 
excluding the smaller nestling of 
each brood to avoid a possible 
effect of hatching asynchrony in 
the last nestling size. When there 
was more than one EPO in the 
brood, we calculated the average 
values of their traits for 
comparing them with those of 
their matemal half-siblings.
RESULTS 
Patterns of paternity and EPP
We studied pattems of patemity 
along 6 years for a total of 217 
broods and 776 offspring. Year by 
year, we found pseudoparasitism 
in 0-9.09% of the broods.
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parasitism in 0-6.06% of the 
broods and EPP in 24.24-49.09% 
of the broods. Depending on the 
year, between 33.33% and 
70.59% of males lose patemity 
and between 8.20% and 19.40% 
of offspring were sired by an 
extra-pair male (see Table 1). 
Most of the broods containing 
EPOs had only one EPO 
(68.50%) and the rest (31.50%) 
had two or more. The probability 
that a brood contained at least one 
EPO was unrelated to laying date 
(one-way ANOVA, F\  ^2ie= 1.429, 
P= 0.233) for all broods.
Among EPOs identified using 
microsatellites (1998-2001), we 
assigned the genetic father in 50 
% (21/42) of cases (See Table 1). 
It is likely that the other extra-pair 
males were breeding in the study 
area (in natural cavities) or just 
outside the study area for which 
we did not have blood samples. 
Sixty two percent (13/21) of the 
identified males were territorial 
males breeding in the colony and 
in 38% (8/21) of cases, the 
genetic father was a floating male. 
When we considered only 
territorial males (social paired 
males) gaining patemity in other 
nests, we observed that 38.46% 
(5/13) were in tum cuckolded by 
other males. In four broods
containing more than one EPO 
(two EPOs in each one) we were 
able to identify the genetic father 
of all EPOs. Only in one of this 
broods the genetic father was the 
same male for all EPOs. Most of 
the males that lost patemity did 
not gain patemity in alien nests (4 
of 5 males (80%) in 1998, 9 of 9 
males (100%) in 1999, 7 of 8 
males (87.50%) in 2000 and 4 of 
7 males (57.14%) in 2001. Males 
never “exchanged” patemity i.e., 
fathered offspring in each other’s 
nest. For checking if the fact of 
gaining patemity was affected for 
the fact of losing it, we made 
Yates corrected chi square tests 
including male gains patemity 
(yes or no) and male loses 
patemity (yes or no) as variables 
for each study year. The tests 
were not significant (all F>0.050).
There was no association between 
frequency of EPOs and male 
status: 28.2% (20/71) of the 
broods of monogamous males 
versus 36.4% (50/137) of the 
broods of polygynous males 
contained at least one EPO (x^\= 
1.45, P = 0.23). We were not sure 
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Cuckolder maies versus maies 
they cuckolded
Among promiscuous pairings, we 
found no significant differences 
between cuckolders and males 
they culckolded neither in genetic 
relatedness with the female nor
between individual
homocigosity, morphometric 
measurements, breeding success 
(number of females or nest 
obtained this breeding season) or 
reproductive experience (Table 
2).
Table 2. Pairwise comparisons of extra-pair and within-pair male traits siring young 





males® N t P
Relatedness with female 0.06±0.08 -0.0U0.09 15 0.500 0.625
Homozigosity index HI 0.35±0.05 0.28±0.04 15 1.064 0.306
Wing length 135.86±1.25 135.36±0.97 7 0.491 0.641
Outermost primary feather
length 101.00±1.03 100.07±1.01 7 0.932 0.387
Tarsus length 30.49±0.22 30.1U0.19 7 1.069 0.326
Body mass 91.86±1.69 90.2U2.49 7 0.702 0.509
Body condition^ -0.08±0.36 0±0.35 7 -0.205 0.845
Ornament length 35.66±1.34 33.97±2.09 6 1.032 0.349
Status 1.40±0.13 1.13±0.17 15 1.468 0.164
Number o f mates 2.00±0.17 1.53±0.24 15 1.522 0.150
Number o f nests 1.53±0.17 1.13±0.17 15 1.871 0.082
Number of breeding
attemps 2.60±0.21 2.20±0.34 15 1.065 0.305
Reproductive experience 2.73±0.43 2.53±0.40 15 0.509 0.619
^Means±SE.
Residuals
Pair relatedness and ËPO
Relatedness was higher among 
social mating pairs whose broods 
contained EPOs (0.05±0.06) than 
among those social pairs without 
EPOs (-0.08±0.03) (Fi,68=5.335, 
P= 0.024; Fig. 1). However, we
did not find an association 
between social pair relatedness 
and the percentage of EPOs in the 
broods when only the broods with 
EPOs were considered {Pearson 
correlation coefficient= 0.069, P= 
0.717, A=30). Relatedness of
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females and their extra-pair mates 
neither varied with the percentage 
of EPOs in the brood {Pearson 





Figure 1. Social pair relatedness (Mean± 
ISE) in broods with mixed and non­
mixed paternity. The number of broods 
is given above the points
On the other hand, we did not find 
differences in the average 
relatedness of female with all 
males genotyped in the population 
(except their social mate) when 
comparing females whose broods 
contained EPOs and those that did 
not (#1,50=0.679, #=0.414). Also, 
relatedness of female with her 
social mate did not differ from her 
average relatedness with all other 
males in the population (paired t 
tests: 6^8= -1.095, P= 0.277) even 
when we considered only females 
with EPOs in their broods. The
same was true when we compared 
female relatedness to her extra­
pair mate versus their average 
relatedness to other males in the 
population (paired t test: 
^14=0.657, #=0.522) suggesting 
that females are not particularly 
an extra-pair male according to 
their genetic similarity among all 





We did not find differences in the 
proportion of broods containing 
unhatched eggs when we
compared broods with mixed
paternity (18/46) and broods 
without EPOs (34/82; \=  0.07,
#=0.797, #=128 broods
corresponding to first clutches). 
Using one-way ANOVAs, we 
neither found significant 
differences in performance
between broods with mixed 
paternity and those lacking EPOs, 
although almost all values were 
slightly higher for broods with 
mixed paternity. (Table 3).
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Table 3. Characteristics of mixed and non-mixed broods
Non-Mixed Mixed
Character Broods “ Broods ^ F g l P
Clutch size 4.73± 0.09 5.04± 0.14 2.816 1,102 0.096
Hatching success
(percentage of hatched 
eggs relative to clutch
0.88± 0.02 0.9U 0.02 0.453 1,102 0.502
size)
Nestling success
(percentage of fledglings 0.58± 0.03 0.64± 0.04 0.809 1,102 0.371
relative to clutch size)^
Sex ratio 0.47± 0.05 0.48± 0.05 0.139 1,45 0.711
Mean offspring body 
mass
84.18± 0.65 82.26± 1.51 2.628 1,93 0.108
Mean offspring tarsus 
length
30.27± 0.06 30.93± 0.74 1.340 1,93 0.250
Mean offspring body 
condition
0.38±0.10 0.41±0.14 0.241 1,47 0.625
Mean± SE 
*llesiduals
 ^Analysed in broods with fledglings only
However, when we controlled for 
some influential variables (year, 
female treatment, female 
condition, female heterozigosity 
and pair relatedness), we obtained 
that clutch size of broods with 
mixed paternity was significantly 
higher than clutch size of broods 
with non-mixed paternity (F/, 
57=11.678, 7^0.001, Fig 2).
For the rest of analysed variables 
after controlling for the possible 
influential variables, there were 
not significant differences 
between broods with and without 







Non rtén d MÏad
Type of brood
Figure 2. Clutch size (Mean± ISE) in 
broods with mixed and non-mixed 
paternity. The number o f sampled broods 




Considering 41 broods with 
mixed paternity where part of the 
nestlings died before becoming 
fledglings and using binary 
logistic regression models, we 
showed that paternity was not a 
significant variable for the 
survival of nestlings. In other 
words, the proportion of fledgling 
survival was similar between 
EPOs and WPOs (57.69% (30/52) 
of EPOs versus 56.30% (67/119) 
of WPOs survived) (B= -2.057, 
W ald=\Al\, F=0.279).
Furthermore, using the same 
statistical method, we found that 
in 63 broods with mixed 
paternity, the sex of nestlings was 
not affected for being EPO or 
WPO (48.61% (35/72) of EPOs
versus 48.72% (76/156) of WPOs 
were males) (B= 0.937,
Wald=2A63, P=0.141). In fact, 
none of the variables used in the 
models resulted significant for 
nestling survival or their sex (all 
F>0.05).
We neither found any significant 
difference in the morphological 
traits measured nor in the 
homozigosity index between 
EPOs and WPOs (Table 4). The 
absence of significant differences 
between EPOs and WPOs from 
the same brood was consistent 
even when we compared nestlings 
of the same sex (Table 5) and 
when we further removed the 
smaller nestlings of the broods 
(Table 6).
Table 4. Pairwise comparisons of EPO and WPO traits from the same brood.
Character WPO" EPO N t P
Wing length 53.39±4.98 53.32i5.64 44 0.093 0.926
Tarsus length 30.01i0.89 30.02i0.95 44 -0.077 0.939
Body mass 81.26±6.72 80.68i9.89 44 0.577 0.567
Body condition’’ -0.06i0.92 -0.09i0.98 44 0.287 0.775
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Table 5. Pairwise comparisons of EPO and WPO traits for the same sex and brood.
Character WPO" EPO* N t P
Wing length 53.42±6.34 53.59±7.54 33 0.194 0.847
Tarsus length 30.80±5.47 30.99±5.31 33 0.982 0.334
Body mass 79.82±12.10 78.68± 14.25 32 -0.972 0.338
Body condition’’ -0.03±1.03 -0.13il.39 32 -0.658 0.516
HI 0.31±0.19 0.38i0.18 29 1.260 0.218
“MeansiSE
’’Residuals
Table 6. Pairwise comparisons of EPO and WPO traits for the same sex and brood
removing the smaller nestling. 
Character WPO^ EPO* N t P
Wing length 54.63±6.17 54.17i7.56 26 -0.454 0.654
Tarsus length 31.13±6.14 31.36i5.94 26 1.064 0.297
Body mass 79.33il7.28 78.16il3.61 25 -1.210 0.238
Body condition’’ -0.13±1.03 -0.07i0.98 25 -0.549 0.588




We found that relatedness was 
higher in social pairs whose 
broods contained EPOs than in 
those which did not contain 
EPOs. We also found that clutch 
size was higher in mixed paternity 
broods than in broods with only 
one genetic father. The results on 
patterns of EPP as the percentage 
of broods with EPO, proportion of 
EPO in the broods, characteristics 
of social and extra-pair males, 
etc., obtained along six years of 
study in a colony of spotless
starlings, suggest that one of the 
most plausible hypotheses to 
explain EPP as an alternative 
reproductive strategy from the 
female point of view in this 
species is the genetic diversity 
hypothesis. Thus, according with 
its prediction of few EPO per nest 
in most nest or, if many EPOs per 
nest, they should have different 
fathers, we found that the 
percentage of broods containing 
EPOs was never lower than 24% 
in none of the analysed breeding 
seasons and most of the broods 
containing EPO contained only
182
Capitula 5
one EPO. In the case that there 
were more than one EPO per 
brood, they used to be from 
different genetic father. 
Furthermore, the identification of 
the genetic father revealed that the 
same male could lose paternity in 
his own nest and gain it outside it 
in the same breeding season, so 
the reproductive success of extra­
pair males was not necessarily 
higher than the reproductive 
success of the social males they 
cuckolded, as the genetic diversity 
hypothesis predicts. On the other 
hand, the identification of the 
genetic father also showed that 
extra-pair males could be floaters 
or territorial, polygynous or 
monogamous, previous or new 
mates for the female, and so on. 
In other words, we could not 
identify specific traits of extra­
pair males. In fact, in a previous 
study (Garcia-Vigon et a i  
unpublished. Chapter 4) we found 
that males gaining paternity in 
alien nest were similar in age and 
morphology to non-promiscuous 
males and, in the present study, 
we did not find any significant 
differences between genetic and 
social fathers.
All these results taken together 
suggest that female spotless 
starlings do not seek particular
phenotypic traits for choosing a 
high quality male as extra-pair 
mate. That is, more than seeking a 
standard male that can enhance 
the quality of their offspring 
through the inheritance of his 
atributes, as the “good genes” 
hypothesis proposes, females 
could seek or accept EPCs from 
very different males trying to 
increase the genetic variability or 
the heterozigosity of their 
offspring and thus, their viability 
(Brown 1997). Evidences of this 
pattern have been already found 
in several species (Foerster et al. 
2003; Masters et al. 2003; Bishop 
et al. 2007; Suter et al. 2007). 
Females can increase the genetic 
variability of their offspring by 
three ways: mating to males that 
are highly heterozygous, mating 
to more than one male or mating 
to males that are genetically 
different from themselves 
(Masters et al. 2003). In the 
spotless starling we did not find 
significant differences in the 
homozigosity index between 
social and extra-pair males and 
therefore the first and the last 
options are unlikely in this 
species. However, we know that a 
lot of spotless starling females are 
mated with more than one male 
and that social pairs that have 
EPOs in their broods have higher
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relatedness than social pairs that 
did not have EPOs. This suggests 
that spotless starling females try 
to increase the genetic variability 
of their offspring by pairing with 
extra-pair males, especially when 
the genetic relatedness of the 
social pair is high. Therefore, not 
only the genetic diversity 
hypothesis but also the 
compatible genes hypothesis 
could explain the promiscuous 
strategy of this species. However, 
although pair relatedness could be 
important to decide to acquire an 
extra-pair mate, females do not 
seems to use this character to 
choose. Thus, we did not detect 
significant differences in 
relatedness with the female 
between her social and her extra­
pair mates, which is one of the 
main predictions of the 
compatible genes hypothesis. 
Furthermore other predictions of 
this hypothesis were neither 
fulfilled in this study. For 
example, we did not find 
differences in mates relatedness 
when we compared social pairs 
versus extra-pair mates and 
neither when we compared social 
pair relatedness versus average 
relatedness of a female with all 
the males present in the colony. 
So, the genetic diversity 
hypothesis seems to be more
relevant than the compatible 
genetic hypothesis for explaining 
EPP from the female point of 
view in this colony of spotless 
starlings.
The genetic diversity hypothesis 
also predicts a better success of 
broods with mixed paternity than 
of broods without mixed 
paternity. According to this, we 
found that clutch size was larger 
in broods with than without 
EPOs. However, a larger clutch 
size did not reflect a higher 
breeding success, as we could not 
detect any other difference 
between broods with and without 
mixed paternity in the traits 
examined (fledgling success, sex 
ratio, average morphometric 
measures or average
heterozigosity index of the 
offspring). Anyway, we cannot 
discard here an effect of the small 
sample size used in the paired t 
test. It is known that genetic 
fitness benefits of mate choice are 
generally small (Moller & Alatalo 
1999) and, therefore, even studies 
with reasonable sample sizes may 
fail to detect genetic effects due to 
a lack of statistical power 
(Griffith et a l 2002; Schmoll et 
al. 2003). Another explanation for 
the absence of these expected 
differences may be that genetic
184
Capitula 5
benefits of extra-pair mate choice 
by females are context dependent 
(see Schmoll et al, 2003, 2005). 
Thus, in environments with 
favourable conditions, the 
expected difference in the 
performance between broods with 
and without EPOs may be masked 
and, hence, remain undetected, 
because a beneficial environment 
is likely to decrease the 
significance of heritable paternal 
genetic variation for offspring 
fitness. Finally, we must not 
forget that the absence of 
differences in the homozigosity 
indexes between broods with and 
without EPOs may be merely 
reflecting that higher fitness
benefits are obtained with
intermediate values of
heterozigosity in the spotless 
starling (Aparicio et al. 2001), We 
can neither discard here an effect 
of the low number of loci used for 
the genetic analyses. Furthermore, 
in a previous study (Garcia-Vigon 
et al. 2009), we found that social 
males that lose paternity fed more 
than males that did not lose 
paternity. This suggests a higher 
value of the broods with more 
genetic variability among 
nestlings, although there is no a 
current clue suggesting that males 
could recognize their genetic 
offspring.
In relation to the offspring, we 
neither found significant 
differences when we compared 
survival, sex or other morphologic 
traits and homozigosity indexes 
between EPOs and WPOs from 
the same brood. These results 
agree with the predicions of the 
genetic variability hypothesis as a 
possible explanation for the 
maintaining of EPP, since it states 
that there is not an optimum 
genotype, but it depends on 
environmental conditions.
Furthermore, these results were 
consistent even when we 
compared individuals from the 
same sex and when we remove 
the smaller nestling of the brood 
that could introduce bias in our 
analyses.
In sum, all these results suggests 
that one of the most plausible 
explanations for the existence of 
EPP in the spotless starling is 
given by the genetic variability 
hypothesis, since most of its 
predictions were fulfilled in our 
study. For the remaining 
hypotheses, we conclude that 1) 
the absence of a standard male 
prototype suitable for all the 
females is not compatible with the 
“good genes” hypothesis, 2) the 
fertility insurance hypothesis is 
not likely for the spotless starling
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if we have into account that we 
did not find any association 
between male status and the 
percentage of EPOs in their 
broods, and neither a higher 
hatching success in broods with 
mixed paternity.
On the other side, direct or non- 
genetic benefits derived from 
extra-pair fertilizations seems 
unlikely for female spotless 
starlings given the behaviour of 
this species. First, using the extra­
pair male territory is unlikely for 
female spotless starlings since in 
this species nest box owners share 
open feeding areas, and even 
neighbors feed in flocks. Nest 
defence by the extra-pair male 
seems also unlikely because only 
social pairs have been observed 
participating in this activity (J.P. 
Veiga personal observation). 
Finally, extra-pair males have 
never been observed helping non­
social mates in feeding nestlings 
in the spotless starling. 
Furthermore, in a previous study 
of this species, Moreno et al. 
(1999) showed that males that 
fed less rised the same number of 
nestlings than those feeding at 
higher rates. This suggests that 
male help in feeding nestlings 
does not represent a critical 
benefit for females.
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APPENDIX 1
ANCOVAs for testing the effect of the presence of EPO in the broods 
on clutch size, hatching success, nestling success, sex ratio, average 
offspring body mass, tarsus length and body condition. The results 
control for other influential variables.
Appendix Table 1. Response variable: Clutch size
Variable F g-1. P
Presence of EPO in the brood 11.678 1,67 0.001
Year 1.349 5,67 0.255
Female treatment 2.003 1,67 0.162
Female heterozigosity (HE index) 0.630 1,67 0.430
Pair relatedness 0.868 1,67 0.355
Female body condition 0.172 1,67 0.680
Year*Presence o f EPO in the brood 2.531 5,67 0.037
Female treatment*Presence o f EPO in the brood 9.014 1,67 0.004
Appendix Table 2. Response variable: Hatching success
Variable F g.l. P
Presence of EPO in the brood 0.417 1,64 0.521
Year 1.952 5,64 0.098
Female treatment 0.341 1,64 0.561
Female heterozigosity (HL index) 1.068 1,64 0.305
Pair relatedness 0.558 1,64 0.458
Female body condition 0.251 1,64 0.618
Male status 3.137 1,64 0.081
Clutch size 11.017 1,64 0.001
Appendix Table 3. Response variable: Nestling success
Variable F g-1. P
Presence of EPO in the brood 0.503 1,42 0.482
Year 3.049 2,42 0.058
Female treatment 0.138 1,42 0.712
Female heterozigosity (HL index) 0.738 1,42 0.395
Pair relatedness 0.246 1,42 0.622
Number o f nestlings 2.338 1,42 0.134
Parental feeding rate 6.694 1,42 0.013
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Appendix Table 4. Response variable: Sex ratio
Variable F g-1- P
Presence of EPO in the brood 0.168 1,38 0.684
Year 1.566 5,38 0.193
Female treatment 0.997 1,38 0.324
Female heterozigosity (HL index) 0.664 1,38 0.420
Pair relatedness 0.182 1,38 0.672
Number of fledglings 0.697 1,38 0.409
Appendix Table 5. Response variable: Offspring body mass at 15 days
Variable F g-1- P
Presence of EPO in the brood 0.276 1,40 0.602
Year 3.657 2,40 0.035
Female treatment 3,136 1,40 0.084
Female heterozigosity (HL index) 1.056 1,40 0.310
Pair relatedness 0.817 1,40 0.371
Parental feeding rate 0.889 1,40 0.351
Number of fledglings 15.064 1,40 <0.001
Appendix Table 6. Response variable: Offspring tarsus length at 15 days
Variable F gl- P
Presence of EPO in the brood 0.304 1,40 0.584
Year 5.803 2,40 0.006
Female treatment 0.538 1,40 0.468
Female heterozigosity (HL index) 0.666 1,40 0.419
Pair relatedness 0.713 1,40 0.403
Parental feeding rate 5.683 1,40 0.022
Number of fledglings 0.834 1,40 0.367
Appendix Table 7. Response variables: Offspring body condition at 15 days 
Variable F  g.l. /
Presence of EPO in the brood 0.398 1,40 0.532
Year 0.613 2,40 0.547
Female treatment 1.256 1,40 0.269
Female heterozigosity (HL index) 0.146 1,40 0.704
Pair relatedness 1.427 1,40 0.239
Parental feeding rate 0.410 1,40 0.526






El estudio de los sistemas de apareamiento y las estrategias 
reproductoras de los individuos de una especie es una tarea muy 
compleja debido a los diferentes factores que influyen sobre ellas y a 
que diferentes estrategias reproductoras pueden estar operando de 
forma simultânea. Asi, aunque tradicionalmente este tipo de estudios se 
basaba ûnicamente en la observaciôn de las conductas de los 
individuos, las evidencias a lo largo de las ultimas décadas nos indican 
que, si bien los datos observacionales son cruciales, estos deben ir 
siempre acompanados por estudios de parentesco, puesto que las 
relaciones sociales y genéticas entre individuos no siempre son 
coincidentes y pueden proporcionar una imagen desvirtuada de sus 
verdaderas estrategias reproductoras. Ello ha llevado al desarrollo de 
numerosas metodologias para analizar el parentesco genético entre 
individuos, entre las que destacan los microsatélites por sus multiples 
ventajas trente a otros marcadores moleculares (Ver Metodologia 
General y Capitulo 1 ).
En esta tesis, conscientes de tal necesidad, se proporcionan 6 cebadores 
microsatélite polimôrfîcos de amplificaciôn cruzada y se comprueba su 
utilidad en estudios genéticos, en concrete para la identificaciôn de 
individuos y para el anâlisis de parentesco (Ver Capitulo 1). La 
optimizaciôn de estos loci microsatélite de amplificaciôn cruzada 
constituye la base para los demâs estudios llevados a lo largo del 
présente trabajo y amplia el panel de loci disponibles, que pueden ser 
usados para estudios de diversidad genética, dispersion, estructura de la 
poblaciôn y correlates del éxito de emparejamiento y reproductor en el 
estomino negro. Asi, el empleo de los loci microsatélite optimizados 
permite corroborar la existencia de la patemidad extra-pareja como un 
fenômeno ffecuente en esta especie, y también la presencia de casos de 
parasitisme y pseudoparasitismo. A pesar de que la ocurrencia de estas 
estrategias era conocida con anterioridad a la realizaciôn de nuestro 
trabajo en esta y otras especies poliginicas, el papel que cada sexe, y en 
especial que la hembra, puede desempenar en ellas no estaba del todo 
claro. La présente tesis doctoral pone de manifîesto sin ambigüedad que 
las hembras de estomino negro tienen un papel activo en el sistema 
promiscuo del estomino negro, y que su fenotipo, al menos en lo que 
respecta a edad, longitud de los omamentos y niveles de testosterona
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circulante en sangre, résulta clave para explicar las tasas de patemidad 
extra-pareja encontradas en sus nidos.
En este sentido, la manipulaciôn hormonal llevada a cabo en el 
Capitulo 2 permite demostrar por primera vez en aves que los niveles 
de testosterona circulante en las hembras incrementados 
experimentalmente tienen como consecuencia una reducciôn 
signifîcativa de la patemidad extra-pareja en sus nidos en comparaciôn 
con las hembras no tratadas. La menor presencia de polios extra-pareja 
(EPOs) en las polladas de las hembras tratadas con testosterona no 
puede achacarse a diferencias de mortalidad entre EPO y polios intra- 
pareja (WPO) y tampoco concuerda con los resultados encontrados en 
machos en el sentido de que la testosterona mejora el éxito de 
emparejamiento de los individuos, al menos en lo que a obtenciôn de 
fertilizaciones adicionales por parte de las hembras se refîere. Estos 
resultados pueden deberse a que la testosterona provoca cambios 
fisiolôgicos, de status o de comportamiento a largo plazo en las 
hembras que las hacen menos atractivas para los machos (las 
masculiniza), las vuelven menos proclives a entablar copulas extra- 
pareja (EPCs) o mas capaces de resistirlas, mas agresivas o incluso 
pueden hacerlas adoptar conductas propias de hembras de edad 
superior. Sin embargo, conocer con detalle cuâles son los cambios 
producidos por la hormona necesitaria mas investigaciôn. Séria de 
interés llevar a cabo estudios observacionales mas precisos en el 
estomino negro y mas experimentos en diferentes especies de aves u 
otros vertebrados con sistemas de apareamiento distintos a la poliginia 
facultativa para poder generalizar los efectos de la testosterona puestos 
de manifiesto en esta tesis sobre las estrategias de emparejamiento de 
las hembras. Los resultados obtenidos en el Capitulo 2 no son 
concluyentes para afîrmar cuâl es el sexo que inicia o busca las EPCs 
en el estomino negro, pero si lo son para determinar que las hembras 
son parte activa en la toma de esta decision, ya sea iniciando las EPCs o 
evitândolas, afirmaciôn que también sustentan los resultados obtenidos 
en el Capitulo 4. En concreto, en dicho capitulo se encontre que tanto la 
pérdida de patemidad de los machos en sus nidos como la ganancia de 
patemidad en nidos ajenos estaba relacionada con las caracteristicas (en 
este caso fenotipicas) de sus hembras sociales. Asi, los machos
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emparejados con hembras mas maduras y omamentadas perdieron 
menos patemidad en sus nidos y ganaron mas patemidad en nidos 
ajenos, resultado este que vuelve a incidir en el importante papel que 
desempenan las hembras en el desarrollo y mantenimiento de las 
estrategias extra-pareja en esta especie.
La presencia de EPOs en un nido no implica necesariamente que exista 
un coste de poliginia para los machos, ya que tanto los monôgamos 
como los poligamos tienen EPOs en sus nidos. Por el contrario, la 
patemidad extra-pareja parece suponer por si misma una estrategia 
reproductora altemativa que puede reportar benefîcios tanto para los 
machos como para las hembras. Los benefîcios para los machos de 
aparearse con multiples hembras simultâneamente, ya sea de forma 
social (poliginia) o mediante emparejamientos extra-pareja resultan 
évidentes ya que esto les permite aumentar, al menos aparentemente, su 
éxito reproductor. Asi, los resultados obtenidos en el Capitulo 4 indican 
que el éxito reproductor del macho (entendido como el numéro de 
hembras sociales que éste es capaz de atraer y que inician una puesta en 
sus nidos) esta asociado positivamente con su tamano corporal e 
independientemente también con su edad y omamentos, variables estas 
dos ultimas que estân intrinsecamente ligadas y son probablemente 
indicadoras de la calidad del individuo. De esta forma los machos mas 
grandes, maduros y omamentados serian los que tendrian un mayor 
éxito reproductor, probablemente porque por su tamano y experiencia 
pueden ofrecer una mejor defensa de los nidos y los polios trente a 
otros machos y quizâs ffente a depredadores, mientras que sus 
omamentos y probada supervivencia podrian indicar una mayor calidad 
(genética y/o fenotipica). Sin embargo, los resultados encontrados en 
ese mismo capitulo y de forma mas concluyente en el Capitulo 5 
indican que estas caracteristicas (tamano, edad y longitud de los 
omamentos) no estarian siendo seleccionadas por las hembras que 
buscan machos extra-pareja. De hecho, en el Capitulo 4 se encontrô que 
las caracteristicas fenotipicas del macho (morfologia y edad) no se 
asocian a una mayor ganancia de patemidad en nidos ajenos o a una 
mayor pérdida de patemidad en los propios, por lo que podemos 
deducir que no influyen sobre las conductas promiscuas en esta especie, 
asumiendo como conductas promiscuas aquellas que suponen
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fertilizaciones extra-pareja. En el Capitulo 5, ademâs de corroborar este 
resultado de que los machos promiscuos no presentan ninguna 
caracteristica particular que los diferencie de los machos no 
promiscuos, tampoco se encontraron diferencias signifîcativas en 
ninguno de los caractères analizados mediante tests apareados al 
comparar los machos sociales y extra-pareja de una misma hembra, al 
menos hasta donde podemos averiguar con las variables usadas.
Estos resultados sugieren de forma general que las hembras de 
estomino negro no buscan o aceptan EPCs con machos de fenotipo 
tipificado en cuanto a edad y morfologia con el fin de mejorar la 
calidad genética de sus descendientes a través de la herencia de sus 
caractères. Es decir, en el estomino negro no existe un standard general 
de macho extra-pareja, sino que existe una gran variabilidad en las 
caracteristicas de los machos identifîcados como padres genéticos. 
Todo ello sugiere que la hipôtesis de los “buenos genes” (Ver Capitulo 
4 y 5) podria explicar, al menos parcialmente, el mantenimiento de la 
poliginia en esta especie (aunque esta afirmaciôn necesita un soporte 
empirico mas sôlido) pero no el mantenimiento de los emparejamientos 
extra-pareja. La hipôtesis de los “buenos genes” es una de las hipôtesis 
mas estudiadas y aceptadas para explicar el mantenimiento de la 
patemidad extra-pareja en aves pero nuestros resultados sugieren que 
no constituye una explicaciôn convincente en el estomino negro.
Los resultados expuestos en los Capitulos 4 y 5 de esta tesis abajo 
listados:
■ El numéro habituai de EPOs por pollada fue de uno y en el caso 
de existir mas, estos fueron asignados a distintos padres 
genéticos.
■ No se encontraron diferencias fenotipicas ni de supervivencia 
entre ausencia de diferencias entre los EPOs y WPOs de una 
misma pollada.
■ Se encontraron EPOs en, al menos, el 24% de las polladas 
estudiadas en cada estaciôn reproductora.
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■ Los machos que ganaron patemidad en otros nidos no 
incrementaron su éxito reproductor, ya que también perdieron 
patemidad en sus propios nidos.
■ Las polladas con EPO fueron aquellas cuyos padres tenian una 
mayor similitud genética entre ambos.
■ No se encontraron diferencias entre los machos sociales y extra- 
pareja.
sugieren que una de las hipôtesis mas plausibles para explicar la 
patemidad extra-pareja como estrategia reproductora altemativa de las 
hembras de estomino negro, es la hipôtesis de la diversidad genética. 
Segùn la cual las hembras de estomino negro podrian buscar o aceptar 
copular con machos extra-pareja con el fin de aumentar la variabilidad 
genética de sus descendencia y por lo tanto su viabilidad. De hecho la 
mayoria de sus predicciones, listadas a continuacion, se cumplen en 
nuestro estudio:
■ Pocos EPOs por pollada, o si hay muchos, deberian pertenecer a 
diferentes machos.
■ Ausencia de diferencias entre los EPOs y los WPOs.
■ La mayoria de hembras de la poblaciôn llevarian a cabo EPCs.
■ La varianza en el éxito reproductivo del macho no deberia 
incrementarse a causa de las EPCs.
■ La presencia de EPOs en un nido deberia ser mas comùn
si los miembros de la pareja estân relacionados o son similares 
genéticamente.
■ Las hembras no serian capaces de evaluar la calidad de
los machos extra-pareja.
y aquellas que no lo hacen, como por ejemplo que no encontrâsemos 
diferencias signifîcativas entre las polladas con patemidad mixta y las 
polladas sin EPOs, pueden ser explicadas por la dificultad de demostrar
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efectos genéticos, ya sea por su débil magnitud o por carecer de la 
potencia estadistica suficiente para ello.
Otras hipôtesis que abogan por el mantenimiento de la patemidad 
extra-pareja como estrategia para la obtenciôn de benefîcios genéticos 
por parte de las hembras son las hipôtesis de compatibilidad genética y 
de garantia de la fertilidad. Aunque algunos resultados pueden ajustarse 
a sus predicciones, como la ausencia de diferencias entre machos 
sociales y extra-pareja, no ocurre asi en la mayoria de los casos. Asi por 
ejemplo, en lo que respecta a la hipôtesis de compatibilidad genética no 
se detectaron diferencias signifîcativas en la heterocigosidad de los 
EPOs ffente a los WPOs. Por su parte, en lo que respeta a la hipôtesis 
de garantia de la fertilidad no hubo significativamente mas EPOs en los 
nidos de los machos poliginicos ni un mayor éxito de eclosiôn en las 
polladas con EPOs. Estos resultados llevan a pensar que estas hipôtesis 
pueden ser descartadas como posibles explicaciones para el 
mantenimiento de la patemidad extra-pareja en el estomino negro. Lo 
mismo ocurre con aquellas que intentan explicar el mantenimiento de 
esta estrategia reproductora con el fin de obtener benefîcios directos por 
parte de las hembras, ya que los machos extra-pareja identifîcados no 
parecen colaborar en la defensa de los nidos ni en la ceba de los polios, 
aunque mas investigaciôn es necesaria en este sentido.
Los resultados mostrados principalmente a lo largo de los Capitulos 2, 
4 y 5 de esta tesis doctoral sugieren de forma general que las hembras 
salen benefîciadas del mantenimiento de la patemidad extra-pareja 
como estrategia reproductora altemativa, a pesar de los costes 
implicitos en la misma. Uno de los principales costes para las hembras 
derivados de esta estrategia, y que ha sido mostrado ya en numerosos 
estudios, es la reducciôn del cuidado parental de los machos hacia los 
polios en aquellos nidos en los que el macho no tiene certeza de su 
propia patemidad. Los resultados obtenidos en el Capitulo 3 muestran 
que en el estomino negro este coste no parece ser demasiado 
importante, ya que el cuidado parental ejercido por el macho, aunque es 
importante en las primeras fases de desarrollo de los polios, no résulta 
ser crucial para su supervivencia final y que la ausencia de cuidado 
parental por parte del macho parece poder ser compensada por la
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hembras. Ademâs, la ausencia de relaciôn entre la patemidad y la 
reducciôn del cuidado parental del macho en el estomino negro se 
ajusta a lo establecido en los modelos teôricos para las especies con 
poliginia facultativa, en las que la presencia de EPO no varia de 
acuerdo a un patrôn definido entre intentos reproductores o edades del 
mismo macho y la existencia de claves fiables que le permitan al 
macho evaluar su grado de patemidad en la pollada es poco probable.
Un resultado sorprendente y novedoso es que los machos que pierden 
patemidad en sus nidos no sôlo no ceban menos a sus polios, tal y 
como era esperable, sino que ceban mâs. No obstante, se necesita mâs 
investigaciôn para consolidar esta conclusiôn. En cualquier caso, este 
resultado puede ser explicado de acuerdo a varias hipôtesis: en primer 
lugar, la inversiôn parental del macho puede constituir una estregia para 
mantener el vinculo con la misma hembra en las siguientes estaciones 
de cria, lo cual es propio de especies de vida relativamente larga como 
el estomino negro. En segundo lugar, es posible que la elevada tasa de 
ceba de los machos sociales en polladas con EPOs se deba a un mayor 
valor intrinseco de estas polladas, un resultado que estaria en 
concordancia con los obtenidos en el Capitulo 5, segùn los cuales el 
beneficio fundamental del mantenimiento de la patemidad extra-pareja 
para las hembras es la obtenciôn de polladas mas viables. En tercer 
lugar, la mayor inversiôn patemal en polladas con EPOs podria 
explicarse desde el punto de vista de los polios, ya que el aumento de la 
frecuencia de ceba en las polladas con patemidad mixta podrian 
responder a un incremento en los comportamientos de peticiôn de 
alimento (“begging”) en estas polladas (Ver Capitulo 3) respecto a las 
polladas con un solo padre genético. En el primer caso deberiamos 
comprobar si aquellos machos con tasas de ceba mas bajas tienen una 
mayor tasa de divorcio o menor éxito en la obtenciôn de pareja en 
périodes de reproduccion posteriores, mientras que la segunda hipôtesis 
podria ser abordada mediante estudios de reclutamiento de los polios 
para ver si hay diferencias de supervivencia entre los pertenecientes a 
polladas de patemidad mixta y los criados en polladas con un ùnico 
padre genético. Finalmente desde el punto de vista de los polios, 
estudios que relacionen el nivel de “begging” y de parentesco en las 
polladas se hacen necesarios para esclarecer esta cuestiôn.
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En conclusion, el hecho de que el fenotipo de las hembras de estomino 
negro esté significativamente relacionado con la tasa de patemidad 
extra-pareja detectada en sus nidos (Ver Capitulos 2 y 4) sugiere que 
las hembras no son solo sujetos pasivos en el desarrollo de las 
estrategias promiscuas, y de manera particular en la ocurrencia de 
emparej amientos y fertilizaciones extra-pareja, sino que pueden obtener 
benefîcios genéticos de ellas. En concreto una mayor viabilidad de sus 
polladas es el beneficio mâs probable tal y como propone la hipôtesis 
de diversidad genética (Ver Capitulo 5). Ademâs, los resultados 
obtenidos en los Capitulos 3 y 4 sugieren que, para los machos los 
benefîcios de la patemidad extra-pareja no parecen tener una gran 
repercusiôn sobre su efîcacia biolôgica en comparaciôn con los que les 
reporta la poliginia; y que los supuestos costes para las hembras 
derivados de la conductas promiscuas, tal como la reducciôn en la tasa 
de ceba a los polios por parte del macho, no son severos en el caso de 
especies con estrategias sociales, demogrâficas y reproductoras 





1) En este trabajo, hemos demostrado por primera vez que la 
administraciôn exôgena de testosterona en hembras de aves 
reduce significativamente la proporciôn de polios extra-pareja 
en sus nidos respecto al lote de hembras contrôles. En el 
estomino negro, el incremento de testosterona en las hembras 
podria reducir su atractivo para potenciales machos extra-pareja 
o facilitar a las hembras el rechazo de machos no deseados
2) La promiscuidad de la hembra, traducida como la proporciôn de 
polios extra-pareja en sus nidos, disminuye con la edad, efecto 
que es independiente del tratamiento hormonal. La edad, ya sea 
por experiencia o por constricciones fisiolôgicas las hace menos 
proclives a conductas promiscuas por las mismas razones 
senaladas en el punto anterior.
3) En contra de la predicciôn de modelos teôricos, los machos de 
estomino negro no reducen su tasa de ceba a los polios con el 
aumento de la proporciôn de polios extra-pareja en la pollada. 
Este resultado puede explicarse por la naturaleza poliginica de 
esta especie, en la que el éxito reproductor de los machos 
depende principalmente de su grado de poligamia, por el hecho 
de que la ocurrencia de patemidad extra-pareja es impredecible 
y por la aparente falta de claves fiables para los machos para 
reconocer a sus verdaderos hijos genéticos ffente a los polios 
extra-pareja en la pollada.
4) Caracteristicas morfolôgicas de los machos taies como la 
longitud de las plumas del pecho y el tamano corporal se 
asocian positivamente y de forma independiente al numéro de 
parejas sociales que estos consiguen y por tanto a su éxito 
reproductor general, ya que los machos poliginicos no pierden 
mâs patemidad que los machos monôgamos,
5) Ni la pérdida de patemidad del macho dentro de su propio nido, 
ni la ganancia de patemidad en nidos ajenos estân asociadas con 
las caracteristicas fenotipicas de éstos. Si asumimos el fenotipo 
del individuo como reflejo de una calidad genética subyacente, 
estos resultados indican que la promiscuidad en el estomino
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negro no esta relacionada con la busqueda de individuos de 
mayor calidad genética que la pareja social, o lo que es lo 
mismo, los resultados no apoyan la hipôtesis de los “buenos 
genes”.
6) Tanto la pérdida de patemidad del macho dentro de su propio 
nido, como su ganancia en nidos ajenos esta asociada con las 
caracteristicas de su pareja social. Machos emparejados con 
hembras maduras pierden menos patemidad en sus nidos y 
ganan mas patemidad en nidos ajenos. Los machos apareados 
con hembras maduras podrian invertir menos tiempo en 
guardarlas y mas en la busqueda de otras hembras con las que 
copular para aumentar asi su éxito reproductor.
7) Los patrones de patemidad muestran que los machos sociales y 
los machos extra-pareja no presentan diferencias fenotipicas 
entre ellos. Asi mismo, no existen diferencias entre polios intra 
y extra-pareja del mismo nido en las variables fenotipicas 
consideradas, lo que sugiere la ausencia de selecciôn fenotipica 
o de transmisiôn de caractères indicadores de calidad de padres 
a hijos, en contra de la hipôtesis de los “buenos genes”.
8) A mayor similitud genética de las parejas sociales, mayor 
probabilidad de apariciôn de polios extra-pareja en las polladas. 
Este resultado junto con los patrones de patemidad encontrados 
en esta especie sugiere que, de entre todas las hipôtesis 
analizadas, la hipôtesis de diversidad genética es la mâs 
plausible para explicar el mantenimiento de la patemidad 
extrapareja en el estomino negro desde el punto de vista de las 
hembras.
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